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SUBSTRATE PROCESSING METHOD,
EXPOSURE APPARATUS, AND METHOD FOR
PRODUCING DEVICE BY IMMERSING
SUBSTRATE IN SECOND LIQUID BEFORE
IMMERSION EXPOSURE THROUGH FIRST
LIQUID

TECHNICAL FIELD

The present mmvention relates to a substrate processing
method including a step for exposing a substrate, an exposure
apparatus, and a method for producing a device.

BACKGROUND ART

An exposure apparatus, which performs the projection
exposure onto a photosensitive substrate with a pattern
formed on a mask, 1s used 1n the photolithography step as one
of the steps of producing microdevices such as semiconductor
devices and liqmid crystal display devices. The exposure
apparatus includes a mask stage for supporting the mask and
a substrate stage for supporting the substrate. The pattern of
the mask 1s subjected to the projection exposure onto the
substrate via a projection optical system while successively
moving the mask stage and the substrate stage. In the
microdevice production, 1t 1s required to realize a fine and
minute pattern to be formed on the substrate 1 order to
achieve a high density of the device. In order to respond to this
requirement, it 1s demanded to realize a higher resolution of
the exposure apparatus. A liquid immersion exposure appa-
ratus, in which a liquid immersion area 1s formed by filling the
space between the projection optical system and the substrate
with a liquid to perform the exposure process via the liquid of

the liquid immersion area, has been contrived as one of means
to realize the high resolution, as disclosed in International

Publication No. 99/49504.

DISCLOSURE OF THE INVENTION

Task to be Solved by the Invention

When the liquid remains on the substrate, and the liquid 1s
vaporized, then there 1s such a possibility that any adhesion
trace (so-called water mark) may be formed on the substrate.
The adhesion trace acts as a foreign matter. Therefore, if
various processes mncluding, for example, the development
process are executed for the substrate 1n a state in which the
adhesion trace 1s formed on the substrate, an inconvenience
such as the pattern defect arises. If the substrate 1s unloaded 1n
a state 1n which the adhesion trace 1s formed on the substrate,
the following inconvenience arises. That 1s, a transport (con-
taminated) therewith, and a carrier for accommodating the
substrate 1s polluted therewith.

The present invention has been made taking the foregoing
circumstances into consideration, an object of which 1s to
provide a substrate processing method, an exposure appara-
tus, and a method for producing a device based on the use of
the exposure apparatus, wherein 1t 1s possible to suppress the
occurrence of any inconvenience which would be otherwise
caused by the foreign matter (for example, the adhesion trace
of the liquid) adhered onto a substrate.

Solution for the Task

In order to achieve the object as described above, the
present invention adopts the following constructions.
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According to a first aspect of the present invention, there 1s
provided a substrate processing method including an expo-
sure step for exposing a substrate by forming a liquid immer-
sion area of a first liquid on the substrate and radiating an
exposure light beam onto the substrate through the first liquid;
and an immersing step for immersing the substrate in a second
liquid betore the exposure step.

According to the first aspect of the present invention, the
substrate 1s immersed 1n the second liquid before radiating the
exposure light beam onto the substrate through the first liquid
(1n the step before the exposure step). Accordingly, 1t 15 pos-
sible to suppress the occurrence of the mnconvenience which
would be otherwise caused by an adhesion trace formed on
the substrate. The immersion of the substrate 1n the second
liquid in the immersing step 1s the operation which 1s different
from the operation of contact of the substrate with the first
liquid 1n order to perform the liquid immersion exposure 1n
the exposure step.

According to a second aspect of the present invention, there
1s provided a substrate processing method including an expo-
sure step for exposing a substrate by radiating an exposure
light beam onto the substrate through a first liquid; and a
cleaning step for cleaning the substrate with a second liquid
alter the substrate has made contact with the first liquud 1n
order to minmiaturize or remove a foreign matter adhered onto
the substrate due to an eluted matter eluted from the substrate
into the first liquad.

According to the second aspect of the present invention, the
substrate after making the contact with the first liquid 1s
cleaned with the second liquid. Accordingly, the foreign mat-
ter (for example, the adhesion trace of the liquid), which 1s
adhered onto the substrate due to the eluted matter eluted
from the substrate into the first liquid, can be decreased or
miniaturized to have minute sizes, or removed. Therefore, 1t 1s
possible to suppress the occurrence of the mconvenience
which would be otherwise caused by the foreign matter as
described above.

According to a third aspect of the present invention, there 1s
provided a substrate processing method including holding a
substrate by a holder; an exposure step for exposing the
substrate by radiating an exposure light beam onto the sub-
strate through a first liquid; and a cleaning step for cleaning
the exposed substrate with a second liquid while holding the
exposed substrate by the holder. According to the third aspect
of the present invention, the foreign matter, which 1s adhered
onto the substrate, can be decreased or minmaturized or
removed by cleaning, with the second liquid, the substrate
alter the substrate has made contact with the first liquid while
retaining the substrate by the substrate holder. Therefore, 1t 1s
possible to suppress the occurrence of the mconvenience
which would be otherwise caused by the foreign matter as
described above.

According to a fourth aspect of the present invention, there
1s provided a method for producing a device; including the
substrate processing method as defined 1n the first aspect; a
step for developing the substrate after the exposure step; and
a step for processing the developed substrate.

According to a fifth aspect of the present invention, there 1s
provided a method for producing a device; including the
substrate processing method as defined in the second or third
aspect; a step for developing the substrate; and a step for
processing the developed substrate.

According to the methods for producing the device con-
cerning the fourth and fifth aspects of the present invention,
the substrate can be processed while suppressing the occur-
rence of the mconvenience which would be otherwise caused
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by the foreign matter (for example, the adhesion trace of the
liquid). Theretore, 1t 1s possible to produce the device having
the desired performance.

According to a sixth aspect of the present invention, there
1s provided an exposure apparatus which exposes a substrate
by forming a liguid immersion area of a first liquid on the
substrate and radiating an exposure light beam onto the sub-
strate through the first liquid; the exposure apparatus includ-
ing a substrate holder which holds the substrate; and an
immersion device which immerses the substrate 1n a second
liquid betfore exposing the substrate through the first liquad.

According to the sixth aspect of the present invention, the
immersion device immerses the substrate in the second liquud
betfore exposing the substrate by radiating the exposure light
beam onto the substrate through the first liquid. Accordingly,
it 1s possible to suppress the occurrence of the inconvenience
which would be otherwise caused by the foreign matter (for
example, the adhesion trace of the liquid) adhered onto the
substrate.

According to a seventh aspect of the present imvention,
there 1s provided an exposure apparatus which exposes a
substrate by forming a liquid immersion area of a first liquid
on the substrate and radiating an exposure light beam onto the
substrate through the first liquid; the exposure apparatus
including a cleaning device which cleans the substrate with a
second liquid after the substrate has made contact with the
first liquid 1n order to minmiaturize or remove a foreign matter
adhered onto the substrate due to an eluted matter eluted from
the substrate mto the first liquid.

According to the seventh aspect of the present mnvention,
the cleaning device cleans, with the second liquid, the sub-
strate after the substrate has made contact with the first liquad.
Accordingly, 1t 1s possible to decrease or minmiaturize or
remove the foreign matter (for example, the adhesion trace of
the liquid) adhered onto the substrate due to the eluted matter
cluted from the substrate into the first liquid. Therefore, it 1s
possible to suppress the occurrence of the inconvenience
which would be otherwise caused by the foreign matter.

According to an eighth aspect of the present mmvention,
there 1s provided a method for producing a device, including,
using the exposure apparatus as defined in any one of the
aspects described above.

According to the eighth aspect of the present invention, the
substrate can be processed while suppressing the occurrence
ol the inconvenience which would be otherwise caused by the
foreign matter (for example, the adhesion trace of the liquid)
adhered to the substrate. Therefore, 1t 1s possible to produce
the device having the desired performance.

EFFECT OF THE INVENTION

According to the present invention, the predetermined pro-
cess can be satisfactorily applied to the substrate, and 1t 1s
possible to produce the device having the desired perfor-
mance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a device production system including an
exposure apparatus according to a first embodiment.

FIG. 2 shows a schematic arrangement illustrating a main
exposure apparatus body.

FIG. 3 shows a flow chart illustrating an example of the
operation of the device production system.

FI1G. 4 shows a side sectional view illustrating an example
of a substrate.

FIG. 5 shows an example of an immersion unit.
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FIG. 6 schematically shows the behavior of the substrate
for which the immersion process 1s performed.

FIG. 7 shows an example of the operation for removing the
liquad.

FIG. 8 shows an example of a temperature regulation
mechanism.

FIG. 9 shows another example of the temperature regula-
tion mechanism.

FIG. 10 shows a state in which the substrate held by a
substrate holder 1s subjected to the liqud immersion expo-
sure.

FIG. 11 schematically shows a state in which the exposure
light beam 1s radiated onto the substrate.

FIG. 12 schematically shows the behavior of the substrate
for which the heat treatment 1s performed.

FIG. 13 shows a flow chart 1llustrating an example of the
operation of a device production system according to a sec-
ond embodiment.

FIG. 14 shows a plan view illustrating an example of the
operation for cleaning the substrate.

FIG. 15 shows a side sectional view illustrating an example
of the operation for cleaning the substrate.

FIG. 16 shows an example of the operation for cleaning the
substrate according to a third embodiment.

FIG. 17 shows a side sectional view illustrating an example
of the substrate according to the third embodiment.

FIG. 18 schematically shows the behavior of the substrate
for which the immersion process 1s performed.

FIG. 19 shows a tflow chart 1llustrating exemplary steps for
producing a microdevice.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Embodiments of the present invention will be explained
below with reference to the drawings. However, the present
invention 1s not limited thereto.

First Embodiment

FIG. 1 shows an embodiment of a device production sys-
tem provided with an exposure apparatus according to a first
embodiment. With reference to FI1G. 1, the device production
system SYS includes an exposure apparatus EX-SYS, a
coater/developer apparatus C/D-SYS, and a transport system
H which transports a substrate P. The exposure apparatus
EX-SYS includes an interface IF which forms the connecting
portion with respect to the coater/developer apparatus C/D-
SYS, a main exposure apparatus body EX which forms a
liquid immersion area LR of a first liquid LQ1 on the substrate
P and which exposes the substrate P by radiating the exposure
light beam EL onto the substrate P through the first liquid
L.Q1, and a control unit CONT which integrally controls the
operation of the entire exposure apparatus EX-SYS. The
coater/developer apparatus C/D-SYS 1s provided with a main
coater/developer body C/D including a coating unit (not
shown) which coats the base material of the substrate P before
being subjected to the exposure process with a photosensitive
material (resist), and a developing unit (not shown) which
performs the development process for the substrate P after
being subjected to the exposure process 1n the main exposure
apparatus body EX. The main exposure apparatus body EX 1s
arranged 1n a {irst chamber apparatus CH1 1n which the clean-
ness 1s managed. On the other hand, the main coater/devel-
oper body C/D, which includes the coating unit and the devel-
oping unit, 1s arranged 1n a second chamber apparatus CH2
which 1s distinct from the first chamber apparatus CH1. The
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first chamber apparatus CH1 for accommodating the main
exposure apparatus body EX 1s connected to the second
chamber apparatus CH2 for accommodating the main coater/
developer body C/D via the interface IF.

The transport system H includes a first transport system H1
which transports the substrate P between the interface IF and
the main exposure apparatus body EX, and a second transport
system H2 which transports the substrate P between the inter-
face IF and main coater/developer body C/D. The first trans-
port system H1 constitutes a part of the exposure apparatus
EX-SYS, and the second transport system H2 constitutes a
part of the coater/developer apparatus C/D-SYS. The first
transport system H1 1s provided in the first chamber apparatus
CH1, and the second transport system H2 1s provided in the
second chamber apparatus CH2.

An immersion unit 30 for immersing the substrate P 1n a
second liquid LQ2 and a temperature regulation mechanism
40 for regulating the temperature of the substrate P are pro-
vided at intermediate positions of the transport passage of the
transport system H. In this embodiment, the immersion unit
30 and the temperature regulation mechanism 40 are provided
tor the coater/developer apparatus C/D-SY S. The immersion
unit 30 and the temperature regulation mechanism 40 are
provided at intermediate positions of the transport passage of
the second transport system H2 1n the second chamber appa-
ratus CH2.

The first transport system H1 has the following function.
That 1s, the substrate P before being subjected to the exposure
process 1s loaded on the substrate stage PST of the main
exposure apparatus body EX. Further, the substrate P after
being subjected to the exposure process 1s unloaded out of the
substrate stage PST of the main exposure apparatus body EX.
The substrate P, which 1s subjected to the coating process with
the photosensitive material by the coating umt of the main
coater/developer body C/D, 1s subjected to the predetermined
processes by the immersion unit 30 and the temperature regu-
lation mechanism 40. After that, the substrate P 1s delivered to
the first transport system H1 via the interface IF by the second
transport system H2. In this arrangement, openings and shut-
ters for opening/closing the openings are provided at portions
of the first and second chamber apparatuses CH1, CH2
allowed to face the interface IF respectively. The shutter 1s
opened during the transport operation of the substrate P with
respect to the interface IF. The substrate P before being sub-
jected to the exposure process 1s loaded by the first transport
system H1 on the substrate stage PST of the main exposure
apparatus body EX. The substrate P after being subjected to
the exposure process 1s unloaded out of the substrate stage
PST by the first transport system H1. The first transport sys-
tem H1 delivers the unloaded substrate P to the second trans-
port system H2 of the coater/developer apparatus C/D-SYS
via the interface IF. The second transport system H2 trans-
ports the substrate P after being subjected to the exposure
process to the developing unit of the main coater/developer
body C/D. The development process 1s performed to the
delivered substrate P by the developing unit of the main
coater/developer body C/D.

Next, an explanation will be made about the main exposure
apparatus body EX with reference to FIG. 2. FIG. 2 shows a
schematic arrangement 1llustrating the main exposure appa-
ratus body EX. With reference to FIG. 2, the main exposure
apparatus body EX includes a mask stage MST which 1is
movable while retaining a mask M, a substrate stage PST
which has the substrate holder PH for holding the substrate P
and which 1s capable of moving the substrate holder PH that
holds the substrate P, an 1llumination optical system IL which
illuminates, with an exposure light beam EL, the mask M
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retained by the mask stage MST, and a projection optical
system PL which projects an 1image of a pattern of the mask M
illuminated with the exposure light beam EL onto the sub-
strate P.

The main exposure apparatus body EX of this embodiment
1s a liquid immersion exposure apparatus to which the liquid
immersion method 1s applied 1n order that the exposure wave-
length 1s substantially shortened to improve the resolution
and the depth of focus 1s substantially widened. The main
exposure apparatus body EX 1s provided with a liquid immer-
sion mechanism 100 which fills, with the first liquid LQ1, the
optical path space for the exposure light beam EL disposed on
the image plane side of the projection optical system PL. The
liquid immersion mechanism 100 includes a nozzle member
70 which 1s provided 1n the vicinity of the image plane of the
projection optical system PL and which has a supply port 12
for supplying the first liquid LQ1 and a recovery port 22 for
recovering the first liquud LQ1, a liquid supply mechanism 10
which supplies the first liquid LQ1 to the image plane side of
the projection optical system PL via the supply port 12 pro-
vided for the nozzle member 70, and a liquid recovery mecha-
nism 20 which recovers the first liquad LQ1 disposed on the
image plane side of the projection optical system PL via the
recovery port 22 provided for the nozzle member 70. The
nozzle member 70 1s formed 1n an annular form so that a first
optical element L.S1, which 1s included 1n a plurality of opti-
cal elements for constructing the projection optical system PL
and which 1s disposed closest to the 1mage plane of the pro-
jection optical system PL, 1s surrounded over the substrate P
(substrate stage PST).

The main exposure apparatus body EX forms the liquid
immersion area LR of the first liquud LQ1 locally on a part of
the substrate P imncluding a projection area AR of the projec-
tion optical system PL by the first liquid LQ1 supplied from
the liguid supply mechanism 10 at least during the period in
which the pattern 1image of the mask M 1s projected onto the
substrate P, the liquid immersion area LR being larger than the
projection area AR and smaller than the substrate P. Specifi-
cally, the main exposure apparatus body EX fills, with the first
liguid LQ1, the optical path space which 1s disposed between
the lower surface LSA of the first optical element LLS1
arranged closest to the image plane of the projection optical
system PL and the upper surface of the substrate P arranged
on the image plane side of the projection optical system PL.
The exposure light beam EL, which 1s allowed to pass through
the mask M, 1s radiated onto the substrate P via the projection
optical system PL and the first liqud LQ1 disposed between
the projection optical system PL and the substrate P. Accord-
ingly, the projection exposure of the pattern of the mask M 1s
performed on the substrate P. The control unit CONT locally
forms the liquid immersion area LR of the first liquid LQ1 on
the substrate P such that a predetermined amount of the first
liquid LQ1 1s supplied onto the substrate P by using the liquid
supply mechanism 10, and a predetermined amount of the
first liquid LQ1 disposed on the substrate P 1s recovered by
using the liquid recovery mechanism 20.

The embodiment of the present invention will be explained
as exemplified by a case of the use of the scannming type
exposure apparatus (so-called scanning stepper) as the main
exposure apparatus body EX in which the substrate P 1s
exposed with the pattern formed on the mask M while syn-
chronously moving the mask M and the substrate P in mutu-
ally different directions (opposite directions) 1n the scanning
directions. In the following explanation, the X axis direction
resides 1n the synchronous movement direction (scanming
direction) for the mask M and the substrate P 1n the horizontal
plane, the'Y axis direction (non-scanning direction) resides in
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the direction which 1s perpendicular to the X axis direction in
the horizontal plane, and the Z axis direction resides 1n the
direction which 1s perpendicular to the X axis direction and
the Y axis direction and which 1s coincident with the optical

axis AX of the projection optical system PL. The directions of 5

rotation (inclination) about the X axis, the Y axis, and the Z
axis are designated as 0X, 0Y, and 07 directions respectively.
The term “substrate” referred to herein includes those
obtained by coating a base material such as a semiconductor
waler with a photosensitive material (resist), and the term
“mask” includes a reticle formed with a device pattern to be
subjected to the reduction projection onto the substrate.

The 1llumination optical system IL includes, for example,
an exposure light source, an optical integrator which uni-
formizes the 1lluminance of the light flux radiated from the
exposure light source, a condenser lens which collects the
exposure light beam EL supplied from the optical integrator,
a relay lens system, and a field diaphragm which sets the
illumination area on the mask M illuminated with the expo-
sure light beam EL. The predetermined 1llumination area on
the mask M 1s i1lluminated with the exposure light beam EL
having a uniform 1lluminance distribution by means of the
illumination optical system IL. Those usable as the exposure
light beam EL radiated from the i1llumination optical system
IL include, for example, emission lines (g-ray, h-ray, 1-ray)
radiated, for example, from a mercury lamp, far ultraviolet
light beams (DUYV light beams) such as the KrF excimer laser
beam (wavelength: 248 nm), and vacuum ultraviolet light
beams (VUYV light beams) such as the ArF excimer laser beam
(wavelength: 193 nm) and the F, laser beam (wavelength: 157
nm). In this embodiment, the ArF excimer laser beam 1s used.

In this embodiment, pure water 1s used as the first liquid
LQ1 for forming the liquid immersion area LR. Not only the
ArF excimer laser but also the emission lines (g-ray, h-ray,
1-ray ) radiated, for example, from a mercury lamp and the far
ultraviolet light beams (DUV light beams) such as the KrF
excimer laser beam (wavelength: 248 nm) are transmissive
through pure water.

The mask stage MST 1s movable while retaining the mask
M. The mask stage MST retains the mask M by means of the
vacuum attraction (or the electrostatic attraction). The mask
stage MST 1s two-dimensionally movable 1n the plane per-
pendicular to the optical axis AX of the projection optical
system PL, 1.e., 1n the XY plane, and 1t 1s finely rotatable in the
07 direction 1n a state 1n which the mask M 1s retained, 1n
accordance with the driving of a mask stage-driving unit
MSTD including a linear motor controlled by the control unit
CONT. A movement mirror 91, which 1s movable together
with the mask stage MST, 1s provided on the mask stage MSTT.
A laser interferometer 92 1s provided at a position opposed to
the movement mirror 91. The position in the two-dimensional
direction and the angle of rotation 1n the 07 direction (includ-
ing the angles of rotation in the 0X and 0Y directions in some
situations as well) of the mask M on the mask stage MST are
measured 1n real-time by the laser interferometer 92. The
result of the measurement of the laser interferometer 92 1s
outputted to the control unit CONT. The control unit CONT
drives the mask stage-driving unit MSTD on the basis of the
result of the measurement obtained by the laser interferom-
cter 92 to thereby control the position of the mask M retained
by the mask stage MST.

The projection optical system PL projects the image of the
pattern of the mask M onto the substrate P at a predetermined
projection magnification {3. The projection optical system PL
includes a plurality of optical elements. The optical elements
are retained by a barrel PK. In this embodiment, the projec-
tion optical system PL 1s based on the reduction system hav-
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ing the projection magnification § which 1s, for example, ¥4,
15, or 3. The projection optical system PL may be based on
any one of the 1x magnification system and the magnifying
system. The projection optical system PLL may be based on
any one of the dioptric system, the catoptric system, and the
cata-dioptric system. In this embodiment, the first optical
clement LLS1, which i1s included in the plurality of optical
clements for constructing the projection optical system PL
and which 1s disposed closest to the 1image plane of the pro-
jection optical system PL, 1s exposed from the barrel PK.
The substrate stage PST has a substrate holder PH which
holds the substrate P. The substrate holder PH 1s movable on
the base member BP on the image plane side of the projection
optical system PL. The substrate holder PH holds the sub-
strate P, for example, by means of the vacuum attraction. A
recess 96 1s provided on the substrate stage PST. The substrate
holder PH for holding the substrate P 1s arranged 1n the recess
96. The upper surface 97 of the substrate stage PS'T other than
the recess 96 1s a flat surface (tlat section) which has approxi-
mately the same height as that of (flush with) the upper
surface of the substrate P held by the substrate holder PH.
The substrate stage PST 1s two-dimensionally movable 1n
the XY plane on the base member BP, and it 1s finely rotatable
in the 07 direction 1n a state 1n which the substrate P 1s
retained by the aid of the substrate holder PH, in accordance
with the driving of the substrate stage-driving unit PSTD
including a linear motor or the like controlled by the control
umt CONT. Further, the substrate stage PST 1s also movable
in the 7 axis direction, the 86X direction, and the Y direction.
Theretore, the upper surface of the substrate P supported by
the substrate stage PST 1s movable 1n the directions of six
degrees of freedom 1n the X axis, Y axis, Z axis, 0X, 0Y, and
07 directions. A movement mirror 93, which 1s movable
together with the substrate stage PST, 1s secured to the side
surface of the substrate stage PST. A laser interferometer 94 1s
provided at a position opposed to the movement mirror 93.
The position 1n the two-dimensional direction and the angle
of rotation of the substrate P on the substrate stage PST are
measured in real time by the laser interferometer 94. The
exposure apparatus EX 1s provided with a focus/leveling-
detecting system (not shown) based on the oblique 1incidence
system which detects the surface position information about
the upper surface of the substrate P supported by the substrate
stage PST as disclosed, for example, 1n Japanese Patent
Application Laid-open No. 8-37149. The focus/leveling-de-
tecting system detects the surface position information about
the upper surface of the substrate P (position information in
the Z axis direction, and the information about the inclination
in the 0X and 0Y directions of the substrate P). A system
based on the use of an electrostatic capacity type sensor may
be adopted for the focus/leveling-detecting system. The result
of the measurement performed by the laser interferometer 94
1s outputted to the control unit CONT. The result of the
detection performed by the focus/leveling-detecting system
1s also outputted to the control unit CONT. The control unit
CONT dnives the substrate stage-driving unit PSTD on the
basis of the detection result of the focus/leveling-detecting
system to adjust and match the upper surface of the substrate
P with respect to the image plane of the projection optical
system PL by controlling the focus position (Z position) and
the angle of inclination (0X, 0Y) of the substrate P. Further,
the position control 1s performed 1n the X axis direction, the' Y
axis direction, and the 07 direction of the substrate P on the
basis ol the measurement result of the laser interferometer 94.
Next, an explanation will be made about the liquid supply
mechanism 10 and the liquid recovery mechanism 20 of the
liquid immersion mechanism 100. The liquid supply mecha-
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nism 10 supplies the first liquid LQ1 to the image plane side
of the projection optical system PL. The liquid supply mecha-
nism 10 1s provided with a liquid supply unit 11 which 1s
capable of feeding the first iquid LQ1, and a supply tube 13
which has one end connected to the liquud supply unit 11. The
other end of the supply tube 13 1s connected to the nozzle
member 70. An internal flow passage (supply flow passage),
which connects the supply port 12 and the other end of the
supply tube 13, 1s formed 1n the nozzle member 70. The liquad
supply unit 11 includes, for example, a tank for accommo-
dating the first liquid LQ1, a pressurizing pump, and a filter
unit for removing any foreign matter from the first liquid
LQ1. The liquid supply operation of the liquid supply unit 11
1s controlled by the control umit CONT. It 1s not necessarily
indispensable that the main exposure apparatus body EX 1s
provided with all of the tank, the pressurizing pump, the filter
unit and the like of the liquid supply mechanism 10. These
components may be replaced with the equipment of a factory
or the like 1n which the main exposure apparatus body EX 1s
installed.

The liquid recovery mechanism 20 recovers the first liquid
L.Q1 disposed on the image plane side of the projection opti-
cal system PL. The liquid recovery mechanism 20 includes a
liquid recovery unit 21 which is capable of recovering the first
liquad LQ1, and a recovery tube 23 which has one end con-
nected to the liquid recovery unit 21. The other end of the
recovery tube 23 1s connected to the nozzle member 70. An
internal flow passage (recovery tlow passage), which con-
nects the recovery port 22 and the other end of the recovery
tube 23, 1s formed in the nozzle member 70. The liquid
recovery umt 21 1s provided with, for example, a vacuum
system (suction unit) such as a vacuum pump or the like, a
gas/liquid separator for separating the recovered first liqud
LQ1 from the gas, and a tank for accommodating the recov-
ered first liquad LQ1. It 1s not necessarily indispensable that
the main exposure apparatus body EX 1s provided with all of
the vacuum system, the gas/liquid separator, the tank and the
like of the liquid recovery mechanism 20. These components
may be replaced with the equipment of a factory or the like in
which the main exposure apparatus body EX 1s installed.

The supply port 12 for supplying the first liguid LQ1 and
the recovery port 22 for recovering the first liquad LQ1 are
tformed on the lower surface 70A of the nozzle member 70.
The lower surface 70A of the nozzle member 70 1s provided
at the position opposed to the upper surface of the substrate P
and the upper surface 97 of the substrate stage PST. The
nozzle member 70 1s the annular member which 1s provided to
surround the side surface of the first optical element LS1. A
plurality of the supply ports 12 are provided on the lower
surface 70A of the nozzle member 70 to surround the first
optical element LS1 ofthe projection optical system PL (opti-
cal axis AX of the projection optical system PL). The recov-
ery port 22 1s provided outside while being separated from the
supply ports 12 with respect to the first optical element LS1
on the lower surface 70A of the nozzle member 70. The
recovery port 22 1s provided to surround the first optical
clement L.S1 and the supply ports 12.

The control unit CONT locally forms the liguid immersion
area LR of the first liquid LQ1 on the substrate P by supplying
a predetermined amount of the first liqmd LQ1 onto the
substrate P by using the liquid supply mechanism 10 and
recovering a predetermined amount of the first ligmad LQ1
disposed on the substrate P by using the liquid recovery
mechanism 20. When the liquid immersion area LR of the
first liquad LQ1 1s formed, the control unit CONT drives the
liquid supply unit 11 and the liquid recovery unit 21 respec-
tively. When the first liquid LQ1 1s fed from the liquad supply
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unit 11 under the control of the control unit CONT, the first
liguid LQ1, which 1s fed from the liguid supply unmt 11, 1s
allowed to flow through the supply tube 13. After that, the first
liquid LQ1 1s supplied to the image plane side of the projec-
tion optical system PL from the supply ports 12 via the supply
flow passage of the nozzle member 70. When the liquid
recovery unit 21 1s driven under the control of the control unit
CONTT, the first liquad LQ1, which 1s disposed on the image
plane side of the projection optical system PL, 1s allowed to
flow 1nto the recovery flow passage of the nozzle member 70
via the recovery port 22. The first liquid LQ1 1s allowed to
flow through the recovery tube 23, and then the first liquid
LQ1 1s recovered by the liquid recovery unit 21.

Next, an explanation will be made with reference to a flow
chart shown 1n FIG. 3 about the operation of the device
production system SYS provided with the main exposure
apparatus body EX as described above.

At first, the coating unit of the main coater/developer body
C/D 1s used to perform the coating process 1n which the base
material including the silicon wafer (semiconductor water) 1s
coated with the photosensitive material (Step S1). In the
coating process, the base matenal 1s coated with the photo-
sensitive material, for example, by means of a predetermined
coating method such as the spin coat method. A predeter-
mined pretreatment 1s performed for the base material before
coating the base material with the photosensitive material.
The pretreatment includes, for example, a cleaning (washing)
treatment for removing any foreign matter from the base
matenal, a drying treatment for drying the base matenal after
the cleaning, and a surface-modifying treatment for improv-
ing the tight contact performance between the base material
and the photosensitive material. The surface-modifying treat-
ment 1ncludes, for example, a treatment in which the base
material 1s coated with hexamethyldisilazane (HMDS) or the
like. As for the pretreatment, 1t 1s also allowable to coat the
base material (lower surface of the photosensitive material)
with an anti-reflective film (bottom ARC (Anti-Reflective
Coating)).

FIG. 4 shows an example of the substrate P after perform-
ing the coating process in the main coater/developer body
C/D. With reference to FIG. 4, the substrate P has the base
material 1, and the photosensitive material 2 with which a part
of the upper surface 1A of the base matenal 1 1s coated. As
described above, the base material 1 1includes, for example,
the silicon water. An area, which occupies almost all of the
central portion of the upper surface 1A of the base material 1,
1s coated with the photosensitive material 2 to have a prede-
termined thickness (for example, about 200 nm). On the other
hand, the circumierential edge portion 1As of the upper sur-
face 1A of the base material 1 1s not coated with the photo-
sensitive material 2. The base material 1 1s exposed at the
circumierential edge portion 1As of the upper surface 1A.
The side surface 1C and the lower surface (back surface) 1B
of the base material 1 are not coated with the photosensitive
material 2. In this embodiment, a chemical amplification type
resist 1s used as the photosensitive material 2.

When the photosensitive material 2 1s provided on the base
material 1 by means of the predetermined coating method
such as the spin coat method, the circumierential edge portion
of the base material 1 1s also coated with the photosensitive
material 2. This portion makes contact with the transport arm
of the transport system for transporting the substrate P and the
rack or shelf (substrate support section) of the carrier for
storing the substrate P. It 1s feared that the photosensitive
material 2, which 1s disposed at the circumierential edge
portion of the base material 1, may be exiohated by the
mechanical contact. If the photosensitive material 2 1s exio-
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liated, then the exfoliated matter not only serves as the foreign
matter to pollute the transport arm and the carrier therewith,
but there 1s also such a possibility that the polluted matter
makes contact with the clean substrate P again to expand the
pollution. Further, the following phenomenon may arise in
some situations. That 1s, a large amount of the photosensitive
material 2 1s provided so that the photosensitive material 2 at
the circumierential edge portion of the base material 1 rises
more upwardly than that at the central portion. The photosen-
sitive material 2, which 1s disposed at the circumierential
edge portion of the base material 1, tends to be extoliated with
case. The exioliated photosensitive material 2 behaves as the
foreign matter. If the foreign matter adheres onto the substrate
P, the pattern transier accuracy i1s atfected thereby. Accord-
ingly, a treatment (so-called “edge rinse”), in which the pho-
tosensitive material 2 disposed at the circumierential edge
portion 1As 1s removed by using, for example, a solvent, 1s
performed before performing the exposure process after pro-
viding the photosensitive material 2 on the base maternial 1 by
means of the predetermined coating method. Accordingly, the
photosensitive material 2 1s removed at the circumierential
edge portion of the base material 1 (substrate P). The base
material 1 1s exposed at the circumierential edge portion 1 As
as shown in FIG. 4.

The heat treatment (pre-baking) 1s performed for the sub-
strate P (Step 2) after performing the coating process for
coating the base material 1 with the photosensitive material 2.
The solvent, which remains 1n the photosensitive material 2,
1s volatilized by means of the pre-baking.

Subsequently, the immersion process 1s performed, 1n
which the substrate P 1s immersed in the second liquid LQ2
(Step S3). The immersion process 1s performed by the immer-
s1ion unit 30 provided for the coater/developer apparatus C/D-
SY'S. The immersion unit 30 immerses the substrate P 1n the
second liquid LQ2 under a preset predetermined immersion
condition on the basis of the information about the substrate
P.

FI1G. 5 shows the immersion unit 30. With reference to FIG.
5, the immersion unit 30 1s provided with a holder 31 which
holds a central portion of the lower surface of the substrate P
(lower surface 1B of the base material 1), a shaft 33 which 1s
connected to the holder 31, a rotating mechanism 32 which
rotates the holder 31 that holds the substrate P by the aid of the
shaft 33, a ring-shaped member 34 which 1s provided to
surround the circumierence of the substrate P held by the
holder 31 in order to avoid the scattering of the liquid, and a
liquid supply unit 36 which supplies the second liquid L2
onto the substrate P via a supply port 35A of a supply member
35. The substrate P, to which the pre-baking has been applied,
1s loaded on the holder 31 by the second transport system H2.
Vacuum attraction holes, which constitute parts of a vacuum
unit, are provided on the upper surface of the holder 31. The
holder 31 attracts and holds the central portion of the lower
surface of the substrate P. The rotating mechanism 32
includes an actuator such as a motor. The rotating mechanism
32 rotates the substrate P held by the holder 31 by rotating the
shaft 33 connected to the holder 31. The rotating mechanism
32 rotates the holder 31 which holds the substrate P 1n the 07
direction 1n FIG. 5 at a predetermined number of revolutions
per unit time. The supply member 35 1s arranged over the
substrate P held by the holder 31, which has the supply port
35A for supplying the second liquid LQ2. The second liquid
1.QQ2, which 1s fed from the liquid supply unit 36, i1s supplied
to the upper surface of the substrate P from the position over
the substrate P via the supply port 35A of the supply member
35. The supply member 335 1s movable 1n the directions of X
axis, Y axis, 7. axis, 0X, 0Y, and 07 by means of an unmllus-
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trated driving mechamsm. That 1s, the supply member 35 1s
movable relatively with respect to the substrate P held by the
holder 31. The immersion unit 30 1s capable of immersing the
entire surface of the substrate P 1n the second liquud LQ2 by
relatively moving the supply member 35 with respect to the
substrate P. The immersion unit 30 1s capable of adjusting, for
example, the direction of the supply of the second liquid LQ2
to the substrate P and the distance between the supply port
35A and the substrate P by relatively moving the supply
member 35 with respect to the substrate P. Further, the liquad
supply unit 36 1s capable of supplying the second liquid LQ2
onto the substrate P continuously or intermittently via the
supply port 35A of the supply member 35. The liquid supply
unit 36 1s capable of adjusting, for example, the temperature
of the second ligmid LQ2 to be supplied and the amount
(1including the tflow rate and the flow velocity) of the second
liquid LQ2 to be supplied per unit time. The relative move-
ment between the supply member 35 and the substrate P 1s not
limited to the movement of the supply member 33. The sub-
strate P may be moved, or both of the supply member 35 and
the substrate P may be moved.

The immersion unit 30 supplies the second liquid LQ2
from the supply port 35A of the supply member 35 to the
substrate P held by the holder 31 so that the substrate P 1s
immersed in the second liquid LQ2. The photosensitive mate-
rial 2, with which the upper surface 1A of the base material 1
of the substrate P 1s coated, 1s sufficiently immersed in the
second liquid LQ2 supplied from the supply member 35.

In this embodiment, the immersion unit 30 continuously
supplies the second liquid LQ2 from the supply member 35
while relatively moving the supply member 35 1n the X axis
direction with respect to the substrate P retained by the holder
31 while rotating, 1n the 07 direction in FIG. 5, the substrate
P retained by the holder 31 by means of the rotating mecha-
nism 32. Accordingly, the second liquid LQ2 is supplied to
the substantially entire upper surface of the substrate P.
Therefore, the immersion unit 30 1s capable of immersing the
substantially entire surface of the photosensitive material 2
with the second liquid LQ2. The ring-shaped member 34 1s
provided around the substrate P retained by the holder 31.
Therefore, the scattering of the second liquid LQ2, which 1s
caused by the rotation of the substrate P, can be avoided by the
ring-shaped member 34.

In this embodiment, the second liquid LQ2, which 1s used
for the immersion process, 1s the same as the first liquad LQ1
which 1s used to form the liquid immersion area LR formed on
the substrate P 1n order to perform the liquid immersion
exposure process. That 1s, 1 this embodiment, the second
liquid LQ2 1s pure (purified) water which 1s managed to have
a predetermined purity (cleanness) and a predetermined tem-
perature in the same manner as the first liquad LQ1. It 1s a
matter of course that the second liquid LQ2 may be different
from the first liquid LQ1 provided that the substance, which 1s
to be eluted when the substrate P 1s immersed in the first liquid
L.Q1, can be previously eluted. For example, ozone water can
be used as the second liquid LQ2.

FIG. 6 schematically shows a state 1n which the photosen-
sitive material 2 of the substrate P 1s immersed 1n the second
liquid LQ2. As described above, the photosensitive material 2
of this embodiment 1s the chemical amplification type resist.
The chemical amplification type resist includes a base resin,
a photo acid generator (PAG) which 1s contained in the base
resin, and an amine-based substance which 1s called
“quencher”. When such a photosensitive material 2 makes
contact with the liquid, parts of the components of the pho-
tosensitive material 2, specifically, for example, PAG and the
amine-based substance are eluted into the liquid. In the fol-
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lowing description, the substance (for example, PAG and the
amine-based substance), which 1s contained in the photosen-
sitive material 2 and which 1s possibly eluted 1nto the liquid
(LQ1, LQ2), 1s appropriately referred to as “predetermined
substance”.

With reference to FIG. 6, the photosensitive material 2 1s
immersed 1n the second hiquid LQ2. It 1s assumed that the
predetermined substance such as PAG and the amine-based
substance 1s eluted into the second liquid LQ2. When the
upper surtace of the photosensitive material 2 makes contact
with the second liquid LQ?2, the predetermined substance (for
example, PAG and the amine-based substance), which exists
in a first area 2U having a predetermined thickness (for
example, about 5 to 10 nm) from the upper surface of the
photosensitive material 2, 1s eluted into the second hiquid
[.Q2. However, the predetermined substance, which exists in
a second area 2S as an underlying layer thereof, 1s not eluted
into the second liquid LQ2 substantially. After a predeter-
mined period of time (for example, about several seconds to
several tens second) elapses after the contact between the
upper suriace of the photosensitive material 2 and the second
liqud LQ2, the predetermined substance, which 1s eluted
from the first area 2U to the second liquid LQ?2, 1s substan-
tially absent. That 1s, after the predetermined period of time
clapses after the contact between the upper surface of the
photosensitive material 2 and the second liquid LQ?2, a state 1s
given, 1n which almost all of the predetermined substance
existing 1n the first area 2U of the photosensitive material 2 1s
cluted and exhausted. The predetermined substance 1s hardly
cluted from the photosensitive material 2 to the second liquid
L.Q2. The predetermined period of time changes depending
on the photosensitive material 2.

Theretfore, even when the liquid immersion area LR of the
first liquad LQ1 1s formed on the substrate P (photosensitive
material 2) 1s formed after being immersed 1n the second
liquid LQ2 for the predetermined period of time, the prede-
termined substance 1s hardly eluted from the substrate P (pho-
tosensitive material 2) to the first liquid LQ1 as described
later on.

After the immersion process 1s performed for the substrate
P, the removal process 1s performed for the second liquid LQ2
on the substrate P (Step S4). When the removal process 1s
performed for the second liquid LQ2, the immersion unit 30
stops the supply of the second liquid LQ2 by the liquid supply
unit 36, or the immersion unit 30 gradually decreases the
supply amount, while the holder 31, which holds the substrate
P, 1s rotated by the rotating mechanism 32. The immersion
unit 30 rotates the substrate P at a predetermined number of
revolutions per unit time by using the rotating mechanism 32.
Accordingly, the second liquid LQ2, which has been adhered
to the substrate P, 1s scattered and removed from the substrate
P by means of the action of the centrifugal force. That 1s, 1n
this embodiment, the immersion unit 30 also has the function
as the liquid removal mechanism for removing the second
liquad LQ2.

In Step S3, the immersion condition for performing the
immersion process for the substrate P 1s set depending on the
information about the substrate P. The immersion condition
includes the immersion time for immersing the substrate P 1n
the second liquid L.Q2, 1.¢., the time ranging from the contact
of the second liquid LQ2 with the substrate P 1n Step S3 to the
removal of the second liquid LQ2 from the surface of the
substrate P 1n Step S4. The information about the substrate P
includes the mnformation about the photosensitive material 2.
The information about the photosensitive material 2 includes
the information about the material for forming the photosen-
sitive material 2, and the elution time of a part of the prede-

10

15

20

25

30

35

40

45

50

55

60

65

14

termined substance of the photosensitive material 2 into the
second liqud LQ2. The material for forming the photosensi-
tive material 2 includes, for example, the base resin, PAG, and
the amine-based substance as described above. The period of
time (elution time), which ranges from the contact between
the photosensitive material 2 and the second liquid LQ2 to the
clution of almost all of the predetermined substance from the
photosensitive material 2 (first area 2U of the photosensitive
material 2), changes depending on, for example, the physical
property of the material for forming the photosensitive mate-
rial 2, and the content of the predetermined substance such as
PAG. The period of time (elution time), which ranges from
the contact between the photosensitive material 2 and the
second liquid LQ2 to the start of the elution of the predeter-
mined substance, also changes depending on the photosensi-
tive material 2. Therefore, when the 1mmersion condition,
which includes the immersion time, 1s optimally set depend-
ing on the information about the substrate P including the
information about the photosensitive material 2, almost all of
the predetermined substance as described above can be eluted
from the photosensitive material 2 (first area 2U) into the
second liquid LQ2.

The immersion condition also includes the removal condi-
tion for the second liquid LQ2. The removal condition for the
second liquid LQ?2 1s exemplified, for example, by the number
of revolutions (velocity of rotation) per unit time of the sub-
strate P brought about by the rotating mechanism 32, the
rotation acceleration, and the time (rotation time) 1n which the
rotation of the substrate P 1s executed. Further, the removal
condition for the second liquid LQ2 also includes, for
example, the rotation velocity profile and the rotation accel-
cration profile of the rotating mechanism 32. The time (i.e.,
the immersion time) 1n which the second liquid LQ2 makes
contact with the substrate P and the behavior (for example, the
movement velocity) of the second liquid LQ2 on the substrate
P change depending on the removal condition for the second
liquid LQ2. Therefore, when the removal condition for the
second liquid LQ2 1s optimally set depending on the infor-
mation about the substrate P, almost all of the predetermined
substance as described above can be eluted from the photo-
sensitive material 2 (first area 2U) 1nto the second liquad LQ2.

The immersion condition also includes the temperature of
the second liquid LQ2 to be supplied. In the case of the
procedure 1 which the second liquid LQ2 1s supplied to the
substrate P from the supply port 35 A of the supply member 35
as 1n this embodiment, the immersion condition also includes
the amount (including the tlow rate and the tflow velocity) per
unit time of the second liquid LQ2 to be supplied, the supply
pressure to be applied when the second liquid LQ2 1s sup-
plied, and the direction in which the second liquid LQ2 1s
allowed to flow with respect to the substrate P.

When the substrate P 1s immersed in the liquad (LQ1, LQ2),
there 1s such a possibility that a part of the substance for
constructing the base material 1 may be eluted into the liquid
depending on the type of the substance for constructing the
base material 1, without being limited to the predetermined
substance contained 1n the photosensitive material 2. There-
fore, the immersion unit 30 can also regard the possibility of
the immersion of the base material 1 1n the liquad (LQ1, LQ2)
and the information about the material (substance) for form-
ing the base material 1 as the information about the substrate
P.

In this procedure, the immersion unit 30 supplies the sec-
ond liqud LQ2 onto the substrate P while rotating the sub-
strate P. However, it 1s possible to adopt any arrangement
provided that the substrate P (photosensitive material 2) can
be immersed 1n the second liquid LQ2. For example, a liquad
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bath may be previously filled with the second liquid LQ2, and
the substrate P may be immersed 1n the second liquid LQ2 in
the liquid bath. Alternatively, the substrate P may be
immersed 1n the second liquid LQ2 by supplying the second
liquid LQ2 to the substrate P so that the second liquid LQ2 1s
allowed to blow against the substrate P. In the case of the
procedure 1n which the second liquid LQ2 1s allowed to blow
against the substrate P, the immersion condition also includes
the pressure to be applied when the second liquid LQ2 1s
allowed to blow. The immersion condition is set depending on
the information about the substrate P as well.

Asshownin FIG. 7, the following arrangement may be also
adopted for the liquid removal mechanism 39 for removing
the second liquid L.QQ2 on the substrate P. That 1s, blow mem-
bers 37, 38 having blow ports 37A, 38A, which allow the gas
to blow therefrom, may be arranged on the upper surface side
and the lower surface side of the substrate P respectively. The
liquid removal mechanism 39 removes the second liquid LQ2
adhered to the substrate P by means of the force of the gas
allowed to blow from the blow members 37, 38. When the
second liquid LQ2 1s removed by using the liquid removal
mechanism 39, for example, the pressure and the gas supply
amount (flow velocity) per unit time of the gas allowed to
blow from the blow ports 37A, 38A can be also used as the
immersion condition (removal condition).

After the second liquid LQ2 1s removed from the substrate
P, the temperature of the substrate P 1s adjusted by the tem-
perature adjustment mechanism 40 (Step S5). When the sec-
ond liquid LQ2, which remains on the substrate P, 1s removed
by using the liquid removal mechanism 39, there 1s such a
possibility that the temperature of the substrate P may be
changed due to the heat of vaporization of the second liquid
L.Q2 to provide any temperature different from the desired
temperature. Therefore, the temperature adjustment mecha-
nism 40 adjusts the temperature of the substrate P 1n order to
compensate the temperature change of the substrate P due to
the heat of vaporization brought about when the second liquid
L.Q2 1s removed. The temperature of the substrate P 1s
adjusted so that the temperature 1s approximately same as the
temperature of the substrate holder PH and/or the temperature
of the first liquid LQ1. When the temperature of the substrate
P 1s adjusted so that the temperature 1s approximately same as
the temperature of the substrate holder PH, it 1s possible to
suppress the expansion and the contraction of the substrate P
which would be otherwise caused by the temperature change
of the substrate P when the substrate P 1s loaded on the
substrate holder PH. When the temperature of the substrate P
1s adjusted so that the temperature 1s approximately the same
as the temperature of the first liquid LQ1, then it 1s possible to
suppress the expansion and contraction of the substrate P
which would be otherwise caused by the temperature change
of the substrate P, and 1t 1s possible to suppress the tempera-
ture change of the first liquid LQ1 when the liquid immersion
arca LR of the first liquad LQ1 1s formed on the substrate P.

FIG. 8 shows the temperature regulation mechanism 40.
With reference to FI1G. 8, the temperature adjustment mecha-
nism 40 includes a holder 41 which holds the substrate P, a
temperature adjustment unit 42 which includes a heating unit
and a cooling unit provided 1n the holder 41, a temperature
sensor 43 which measures the temperature of the substrate P
held by the holder 41, and a temperature control unit 44 which
adjusts the temperature of the holder 41 that holds the sub-
strate P on the basis of the measurement result of the tem-
perature sensor 43 by the aid of the temperature adjustment
unit 42. The substrate P, which has been subjected to the
immersion process, 1s loaded on the holder 41 by means of the
second transport system H2. The temperature control unit 44

10

15

20

25

30

35

40

45

50

55

60

65

16

ol the temperature adjustment mechanism 40 adjusts the tem-
perature of the holder 41 by the aid of the temperature adjust-
ment unit 42 on the basis of the measurement result of the
temperature sensor 43 1n a state 1n which the substrate P 1s
held by the holder 41. Accordingly, the substrate P, which 1s
held by the holder 41, can be adjusted to have a desired
temperature.

As shown 1 FIG. 9, the following arrangement 1s also
available. That 1s, a temperature adjustment mechanism 40
includes an accommodating chamber 45 which 1s capable of
accommodating the substrate P, and a temperature adjustment
unmit 46 which adjusts the temperature 1n the accommodating
chamber 45. The substrate P 1s arranged 1n the accommodat-
ing chamber 45 adjusted to have a desired temperature. As
described above, the substrate P may be arranged 1n the atmo-
sphere adjusted to have the desired temperature. Alterna-
tively, the temperature of the substrate P may be adjusted by
allowing the gas adjusted to have a predetermined tempera-

ture against the substrate P from the blow members 37, 38 as
shown in FIG. 7.

The holder 31 of the immersion unit 30 as explained with
reference to FIG. 5 may be allowed to have the temperature-
adjusting function capable of adjusting the temperature of the
held substrate P. The temperature of the substrate P may be
adjusted by using the holder 31 of the immersion unit 30 after
removing the second liquid LQ2 from the substrate P. Alter-
natively, the temperature of the substrate P may be adjusted
by using the holder 31 of the immersion unit 30 before remov-
ing the second liquid LQ2 1n consideration of the temperature
change of the substrate P caused by the heat of vaporization
brought about when the second liquid LQ?2 1s removed. In this
procedure, the immersion unit 30 previously stores the rela-
tionship between the information about the second liquid
L.Q2 including, for example, the removal condition and the
physical property of the second liquid LQ?2 to be used and the
temperature change of the substrate P caused by the heat of
vaporization brought about when the second liquid LQ2 1s
removed. The relationship can be previously determined, for
example, by an experiment or simulation. The immersion unit
30 can predict the temperature change of the substrate P
caused by the heat of vaporization brought about when the
second liquid LQ2 1s removed, on the basis of the stored
relationship and the removal condition under which the
removal process 1s executed for the second liquid LQ2. The
immersion unit can provide a desired value of the temperature
of the substrate P alter removing the second liqud LQ2 by
adjusting the temperature of the substrate P before removing
the second liquid LQ2 from the substrate P on the basis of the
predicted result. For example, the immersion unmit 30 can set
the temperature of the substrate P so that the temperature 1s
higher than a desired value 1n consideration of the decrease in
the temperature of the substrate P caused by the heat of
vaporization brought about when the second liquid LQ2 1s
removed. Of course, the temperature of the substrate P, which
1s caused by the heat of vaporization brought about when the
second liquid LQ2 1s removed in the immersion unit 30, may
be compensated by adjusting the temperature of the substrate
P betfore placing the substrate P on the holder 31 of the
immersion unit 30.

After the temperature of the substrate P 1s adjusted, the
second transport system H2 unloads the substrate P out of the
temperature regulation mechanism 40. The substrate P 1s
delivered via the interface IF to the first transport system H1
of the exposure apparatus EX-SYS. The first transport system
H1 transports (loads) the substrate P onto the substrate holder
PH of the main exposure apparatus body EX (Step S6).
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The control unit CONT of the exposure apparatus EX-SY'S
forms the liquid immersion area LR of the first liquid LQ1 on
the substrate P 1n the state of being held by the substrate
holder PH, by using the liquid immersion mechanism 100.
The control unit CONT radiates the exposure light beam EL
onto the substrate P in the state of being held by the substrate
holder PH through the first liquid LQ1 to perform the liquid
immersion exposure for the substrate P (Step S7).

FIG. 10 shows a state wherein the substrate P, which 1s held
by the substrate holder PH of the substrate stage PST, 1s
subjected to the liquid immersion exposure. With reference to
FIG. 10, the substrate stage PST has the recess 96. The sub-
strate holder PH for holding the substrate P 1s provided inside
the recess 96. The substrate holder PH includes a base mem-
ber 80 which has a bottom surface portion 80B opposed to the
lower surface of the substrate P (lower surface 1B of the base
material 1) while being away therefrom by a predetermined
distance, a circumiferential wall portion 81 which 1s formed
on the base member 80 and which has an upper surface 81A
opposed to the lower surface of the substrate P, and support
portions 82 which are formed on the bottom surface 80B
disposed inside the circumierential wall portion 81. The cir-
cumierential wall portion 81 1s formed to be substantially
annular 1n conformity with the shape of the substrate P. The
upper surface 81 A of the circumierential wall portion 81 1s
formed opposingly to the circumierential edge portion of the
lower surface of the substrate P. The upper surface 81 A of the
circumierential wall portion 81 1s a flat surface. The plurality
ol support portions 82 of the substrate holder PH are provided
uniformly at the 1nside of the circumiferential wall portion 81.
The support portions 82 include a plurality of support pins.
The substrate holder PH has the so-called pin-chuck mecha-
nism. The pin-chuck mechanism of the substrate holder PH
includes a suction mechamsm which 1s provided with suction
ports 84 for providing the negative pressure in the space 83
surrounded by the base member 80 of the substrate holder PH,
the circumierential wall portion 81, and the substrate P. The
substrate P 1s attracted and held by the support portions 83 by
providing the negative pressure 1n the space 83. The plurality
ol suction ports 84 are provided uniformly on the bottom
surface 80B of the base member 80. A gap A, which has a
distance of about 0.1 to 1.0 mm, 1s formed between the side
surface of the substrate P (side surface 1C of the base material
1) held by the substrate holder PH and the mner side surface
96 A of the recess 96 of the substrate stage PST provided
around the substrate P. In this embodiment, the upper surface
81A of the circumierential wall portion 81 1s the flat surface.
Theupper surface 81 A 1s coated with a liquid-repellent mate-
rial such as a fluorine-based rein material to have the liquid
repellence. A predetermined gap B 1s formed between the
upper surface 81A of the circumierential wall portion 81 and
the lower surface of the substrate P.

In this embodiment, the substrate P 1s immersed in the
second liquid LQ2 1n Step S3 before radiating the exposure
light beam EL onto the substrate P through the first liqud
LQ1. Therefore, even when the first liquid LQ1 1s allowed to
make contact again with the photosensitive material 2 sub-
jected to the immersion process with the second liquid LQ2 as
described above, the predetermined substance (for example,
PAG) 1s scarcely eluted from the photosensitive material 2 to
the first liquid LQ1.

PAG 1s scarcely present in the first area 2U of the photo-
sensitive material 2. However, as schematically shown 1n
FIG. 11, the exposure light beam EL, which 1s radiated onto
the photosensitive material 2 of the substrate P, can pass
through the first area 2U to arrive at the second area 2S in
which PAG 1s present.
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After the completion of the liquid immersion exposure for
the substrate P, the control unit CONT stops the supply of the
first liquid LQ1 by the liquid supply mechanism 10. Further,
the control unit CONT continues the driving of the liquid
recovery mechanism 20 to recover and remove the first liquid
L.Q1 on the substrate P and the substrate stage PST. Subse-
quently, the control unit CONT unloads the substrate P out of
the substrate holder PH by using the first transport system H1.

The substrate P, which 1s unloaded out of the substrate
holder PH and which has been subjected to the exposure
process, 1s subjected to a heat treatment (post-baking) called
PEB (Post Exposure Bake) (Step S8). In the case of the

chemical amplification type resist, acid 1s generated from
PAG by being irradiated with the exposure light beam EL.
When the post-baking 1s performed for the chemical ampli-
fication type resist after being irradiated with the exposure

light beam E

EL, the alkal1 solubility 1s expressed 1n the area

corresponding to the radiation area of the exposure light beam
EL (pattern of the mask M). The post-bake can be performed
for the substrate P by using the temperature adjustment
mechanism 40 provided for the coater/developer apparatus
C/D-SYS as explained with reference to, for example, FIGS.
8 and 9. Therefore, the substrate P, for which the exposure
process has been completed, 1s unloaded out of the substrate
holder PH by the first transport system HI1, and then the
substrate P 1s delivered to the second transport system H2 via
the interface IF. The second transport system H2 loads the
substrate P to the holder 41 of the temperature adjustment
mechanism 40. The temperature adjustment mechanism 40
performs the post-baking for the substrate P loaded on the
holder 41. In this embodiment, the temperature adjustment
mechanism 40 1s used to perform both of the post-baking
process after the exposure for the substrate P and the tem-
perature adjustment for the substrate P after removing the
liquid by means of the liquid removal mechamism. However,
it 1s a matter ol course that these procedures may be per-
formed with distinct temperature adjustment mechanisms
respectively.

FIG. 12 schematically shows the behavior of the photosen-
sitive material 2 for which the post-baking (PEB) 1s per-
formed. Owing to the immersion process performed 1n Step
S3, PAG scarcely exists in the first area 2U of the photosen-
sitive material 2. Therefore, any acid, which results from
PAG, 1s hardly generated 1n the first area 2U of the photosen-
sitive material 2 after radiating the exposure light beam EL
onto the photosensitive material 2. On the other hand, a sui-
ficient amount of PAG exists in the second area 2S of the
photosensitive material 2. Therefore, a sufficient amount of
acid 1s generated from PAG 1n the second area 2S by being
irradiated with the exposure light beam EL. When the post-
baking 1s performed to the substrate P including the photo-
sensitive material 2 in the state as described above, a phenom-
enon occurs as shown in FIG. 12, 1n which the acid, which
exists 1n the second area 28S, 1s diffused to the first area 2U.
That1s, the acid 1s scarcely present 1n the first area 2U after the
exposure. However, when the post-baking 1s performed, the
first area 2U 1s supplemented with the acid existing in the
second area 25. When the post-baking 1s further continued 1n
the state in which the first area 2U 1s supplemented with the
acid, 1t 1s possible to express the alkali solubility 1n the area of
the photosensitive material 2 corresponding to the radiation
area of the exposure light beam EL (pattern of the mask M).

The substrate P, to which the post-baking has been per-
formed, 1s transported to the main coater/developer body C/D
by the second transport system H2, and the development
process 1s performed therefor (Step S9).
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As explained above, the substrate P 1s immersed in the
second liquid LQ2 before radiating the exposure light beam
EL onto the substrate P through the first liquid LQ1. Accord-
ingly, 1t 1s possible to suppress the elution of the predeter-
mined substance such as PAG into the first liquad LQ1 of the
liquid immersion area LR during the liquid immersion expo-
sure for the substrate P. If the predetermined substance such
as PAG 1s eluted into the first liquad LQ1, the first liquid LQ1
1s polluted, and the polluted first liquid LQ1 1s dried, then 1t 1s
teared that the adhesion trace (water mark), which results
from the predetermined substance, may be formed on the
substrate P. However, substantially no predetermined sub-
stance 1s eluted from the substrate P into the first liquid LQ1
of the liquid immersion area LR. Therefore, even when the
first iquad LQ1, which remains on the substrate P, 1s dried, 1t
1s possible to suppress the occurrence of the inconvenience
which would be otherwise caused such that the adhesion trace
1s fTormed on the substrate P.

The inconvenience of the formation of the adhesion trace
on the substrate P including the photosensitive material 2 1s
avoided. Accordingly, even when the development process 1s
performed, 1t 1s possible to avoid the occurrence of the pattern
defect. Theretore, 1t 1s possible to produce the device having
the desired performance.

The pollution (contamination) of the first liquid LQ1 of the
liguid immersion area LR 1s avoided. Therefore, 1t 1s also
possible to avoid the pollution of, for example, the nozzle
member 70 to make contact with the first liquid LQ1, the first
optical element LS1, the upper surtace 97 of the substrate
stage PST, the substrate holder PH, and the optical measuring
unit provided on the upper surtface 97 of the substrate stage
PST. It 1s possible to accurately perform the exposure process
and the measurement process.

In Step S3, the predetermined substance such as PAG 1s
cluted 1nto the second liquid LQ2 1n which the substrate P 1s
immersed. The second liquid LQ?2 1s polluted with the prede-
termined substance. However, in Step S4, the second liquid
1.QQ2 1s removed from the substrate P. Therefore, 1t 1s possible
to avoid the generation of the foreign matter (adhered matter)
on the substrate P. When the liquid 1s removed from the
substrate P after cleaning out the polluted second liquid LQ2
with the clean second liquad LQ2, 1t 1s possible to suppress the
generation of the foreign matter (adhered matter) on the sub-
strate P even when the remaining second liquid L2 1s dried,
because the concentration of the pollutant (eluted matter) 1s
lowered 1n the second liquid LQ2, even 1f droplets or the like
of the second liquid LQ2 remain on the substrate P.

In this embodiment, the immersion unit 30 1s provided for
the coater/developer apparatus C/D-SYS. However, it 1s a
matter of course that the immersion unit 30 1s provided for the
exposure apparatus EX-SYS. For example, the immersion
unit 30 may be provided at an intermediate position of the
transport passage of the first transport system H1 for con-
structing the exposure apparatus EX-SYS. Accordingly, the
substrate P before the liquid immersion exposure process can
be immersed 1n the second liquid LQ2 1n the exposure appa-
ratus EX-SYS. Alternatively, the immersion unit 30 may be
provided for the interface IF. On the other hand, the tempera-
ture adjustment mechanism 40 may be provided for the expo-
sure apparatus EX-SY'S as well. Accordingly, the temperature
of the substrate P can be adjusted by using the temperature
adjustment mechanism 40 1n order to compensate the tem-
perature change of the substrate P caused by the heat of
vaporization brought about when the second liquid LQ?2 1s
removed 1n the exposure apparatus EX-SYS. The tempera-
ture adjustment mechanism 40 can be also provided at an
intermediate position of the transport passage of the first
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transport system HI1, in the same manner as the immersion
umt 30. It 1s a matter of course that the temperature adjust-
ment mechamsm 40 can be provided for the interface IF as
well.

It 1s desirable that the temperature adjustment mechanism
40 1s installed 1n the vicinity of the immersion unit 30 (liquid
removal mechanism). However, the immersion unit 30 may
be arranged for the coater/developer apparatus C/D-SYS, and
the temperature adjustment mechamism 40 may be arranged
for the exposure apparatus EX-SY'S.

The temperature adjustment may be omitted after the
immersion process when it 1s unnecessary to compensate the
temperature change of the substrate P caused by the heat of
vaporization and/or when the temperature change of the sub-
strate P, which 1s caused by the heat of vaporization, 1s small
to an allowable extent.

In this embodiment, the immersion unit 30 1s provided at
the intermediate position of the transport passage of the trans-
port system H (H1, H2). The substrate P 1s immersed 1n the
second liquid LQ2 before holding the substrate P by the
substrate holder PH. However, the liquid immersion mecha-
nism 100 may be allowed to have the function as the immer-
sion unit, and the substrate P may be immersed 1n the first
liguad LQ1 after holding the substrate P by the substrate
holder PH. That 1s, the following step may be provided. The
substrate P 1s loaded and held by the substrate holder PH, and
then the first iquad LQ1 1s supplied onto the substrate P from
the supply port 12 of the nozzle member 70 before starting the
liquid immersion exposure for the substrate P. The substrate P
1s immersed by using the supplied first liquid LQ1. The con-
trol unit CONT supplies and recovers the first liquid LQ1 via
the recovery port 22 and the supply port 12 of the nozzle
member 70, while the substrate P, which 1s held by the sub-
strate holder PH, 1s relatively moved 1n the XY directions
with respect to the nozzle member 70. Accordingly, a wide
area of the upper surface of the substrate P can be immersed
with the first liquad LQ1. After the completion of the immer-
s10n process, the control unit CONT recovers (removes) the
first ligumad LQ1 from the substrate P by using the liquid
recovery mechanism 20. After the completion of the removal
of the first liquid LQ1, the liguid immersion area LR of the
first iquid LQ1 1s formed again on the substrate P by using the
liquid immersion mechanism 100. The substrate P 1s exposed
through the first ligmad LQ1. When the arrangement as
described above 1s adopted, the immersion process can be
performed for the substrate P without providing the immer-
sion unit 30 at the mtermediate position of the transport
passage of the transport system H. Therefore, it 1s possible to
simplity the apparatus structure, and 1t 1s possible to reduce
the apparatus cost.

It 1s also desirable that the liquid immersion condition 1s
optimized on the basis of the information about the substrate
P when the immersion process 1s performed by using the
liguid 1immersion mechanism 100. It 1s necessary that the
liquid immersion condition 1s set so that any harmful influ-
ence 1s not exerted, for example, on the first optical element
L.S1, when the immersion process 1s performed by using the
liguid 1immersion mechanism 100. For example, when the
immersion process 1s performed for the substrate P by using
the liquid immersion mechanism 100, 1t is appropriate that the
supply amount and the recovery amount per umt time of the
first liquud LQ1 by the liquid immersion mechanism 100 are
larger than the supply amount and the recovery amount per
unit time of the first liquid LQ1 during the liquid immersion
exposure. Accordingly, 1t 1s possible to quicken the tlow
velocity of the first liquid LQ1 on the substrate P during the
immersion process as compared with the tlow velocity of the
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first liquid LQ1 on the substrate P during the liguid immersion
exposure. Therefore, the pollutant, which 1s eluted into the
first liquud LQ1, can be quickly recovered from the recovery
port 22 during the immersion process. It 1s possible to avoid
the adhesion of the foreign matter resulting from the prede-
termined substance eluted from the substrate P, for example,
on the substrate P, the upper surface 97 of the substrate stage
PST, and the first optical element LS1.

In the operation described above, all of the first liquad LQ1,
which forms the liquid immersion area LR, 1s recovered after
the immersion process based on the use of the liquid immer-
sion mechanism 100, and the liquid immersion area LR 1s
formed again with the first liquid LQ1. However, the liquid
Immersion exposure process (exposure step) may be per-
formed continuously to the immersion process (1mmersion
step) while forming the liquid immersion area LR (for
example, while continuing the supply and the recovery of the
liquid). In this procedure, the period of time, 1n which the
substrate 1s immersed in the first liquid, may be managed and
the exposure may be started aiter the elapse of time 1n which
the predetermined substance 1s completely eluted. That is, the
object of the present invention can be also achieved by sup-
plying the liquid onto the substrate P and starting the liquid
immersion exposure after the elapse of a period of time sui-
ficient for the predetermined substance to be eluted from the
substrate P. However, it is desirable that the cleaning or recov-
ery operation for the liquid 1s performed while maintaining
the liguid immersion area, because the eluted predetermined
substance 1s contained 1n the hiquad.

In this embodiment, at least a part of the first liquid LQ1
(and/or the second liquid L.QQ2), which 1s recovered by the
liquid recovery mechanism 20, may be returned to the liquid
supply mechanism 10. Alternatively, all of the first liquid LQ1
(or the second liquid LQ2), which 1s recovered by the liquid
recovery mechanism 20, may be discarded, and the new clean
first liquid LQ1 (and/or the second liquid LOQ2) may be sup-
plied from the 11qu1d supply mechanism 10. The structure of
the liguid immersion mechanism 1 including, for example,
the nozzle member 70 1s not limited to the structure as
described above. For example, 1t 1s also possible to use those

described in European Patent Publication No. 1420298 and
International Publication Nos. 2004/055803, 2004/057589,

2004/057590, and 2005/029539.

The second liquid LQ2, which 1s distinct from the first
liquad LQ1, may be also used when the immersion process 1s
performed by using the liquid immersion mechanism 100.

In the first embodiment, 1t 1s possible to more effectively
avold the generation of the foreign matter (adhered matter) on
the substrate P by arranging a liquid removal mechanism for
removing the liquid remaining on the substrate P unloaded
out of the substrate holder PH after the liquid immersion
exposure for the substrate P having been subjected to the
immersion process. For example, as shown 1 FIG. 7, it 1s
possible to arrange the mechanism which removes the liquid
by allowing the gas to blow against the front surface and the
back surface of the substrate P. In this arrangement, the blow
ports 37A, 38A for the gas may be arranged 1n the vicinity of
the circumierence of the substrate P to remove only the liquid
remaining 1n the vicinity of the circumiferential edge of the
substrate P by rotating the substrate P. In this case, a detection
unit, which detects the liquid remaining on the substrate P
unloaded out of the substrate holder PH after the liquid
immersion exposure for the substrate P, may be arranged.
When the liquid on the substrate P 1s detected, the liqud
removal operation may be executed for the substrate P by
using the liquid removal mechamism as described above. In
the first embodiment described above, the substrate P 1s
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immersed in the second liquid LQ2 before the exposure step,
and substantially all of the predetermined substance is eluted

from the substrate P 1nto the second liquid LQ2. However, 1t
1s also allowable that substantially all of the predetermined
substance 1s not eluted from the substrate P into the second
liqguad LQ2, if permitted, on condition that the amount of
clution of the predetermined substance into the first liquid

LQ1 1s small.

Second Embodiment

Next, a second embodiment will be explained with refer-
ence to a flow chart shown 1 FIG. 13. In the following
description, the constitutive components, which are the same
as or equivalent to those described 1n the first embodiment,
are designated by the same reference numerals, any explana-
tion of which will be simplified or omaitted.

The feature of the second embodiment resides 1n the fact
that a cleaning process 1s performed to the substrate P after the
completion of the liquid immersion exposure. The following
explanation will be made assuming that the immersion pro-
cess 1s not performed for the substrate P before performing
the liguid immersion exposure for the substrate P. However, 1t
1s a matter of course that the cleaning process may be applied
as described below after performing the liquid immersion
exposure for the substrate P to which the immersion process
has been applied. That 1s, 1n the exposure apparatus and the
exposure method of this embodiment, the immersion unit and
the immersion step are not essential.

The liguid immersion process 1s performed to the substrate
P 1n the state 1n which the substrate P 1s held by the substrate
holder PH (Step S7) in the same manner as 1n the embodiment
described above.

After the completion of the liquid immersion exposure
process, the cleaning process 1s performed for cleaning the
substrate P while holding the substrate P by the substrate
holder PH (Step 7.1). The control unit CONT moves the
substrate P held by the substrate holder PH relatively with
respect to the nozzle member 70 to clean the substrate P with
the first liquid LQ1 while the first liquad LQ1 1s retained on
the image plane side of the projection optical system PL while
supplying and recovering the first liquid LQ1 by means of the
liguid immersion mechanism 100.

The predetermined substance is eluted from the substrate P,
especially from the photosensitive material thereof 1nto the
first liquad LQ1 of the liquid immersion area LR during the
liquid immersion exposure for the substrate P. It 1s feared that
any foreign matter may be adhered onto the substrate P due to
the predetermined substance (eluted matter) eluted into the
first liquad LQ1. The control unit CONT can decrease or
miniaturize (decompose, pulverize 1nto fine particles, and/or
convert to have fine and minute sizes) or remove the foreign
matter adhered onto the substrate P resulting from the eluted
matter eluted from the substrate P into the first liquid LQ1 by
cleaning, with the first liquid LQ1, the substrate P after mak-
ing the contact with the first liquid LQ1 for forming the liquid
immersion area LR. Therelore, 1t 1s possible to avoid the
inconvenience which would be otherwise caused such that the
adhesion trace 1s formed on the substrate P. The foreign mat-
ter, which 1s adhered onto the substrate P resulting from the
predetermined substance (eluted matter) eluted into the first
ligquad LQ1, means the “predetermined substance” itself
including the component of the photosensitive material such
as PAG and the amine-based substance as described 1n the
first embodiment as well as the substance generated by the
modification, the bonding, and/or the decomposition of the
“predetermined substance” as described above. The sub-
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stance as described above can be 1dentified by detecting, for
example, the functional group imnherent 1n PAG or the amine-
based substance itself or any compound thereof by means of
an analysis method such as the infrared spectroscopic analy-
s1s and the TOF-SIMS analysis.

FI1G. 14 shows a plan view schematically illustrating a state
in which the substrate P 1s cleaned. The control unit CONT
supplies the first liquud LQ1 from the supply port 12 of the
nozzle member 70 and recovers the first liquid LQ1 from the
recovery port 22 while relatively moving the nozzle member
70 and the substrate P held by the substrate holder PH 1n the
XY directions as indicated by the arrows y1, y2 shown in FIG.
14. Accordingly, the substantially entire region of the upper
surface of the substrate P can be satistactorily cleaned.

The base matenal 1 1s exposed at the circumferential edge
portion 1As of the substrate P of this embodiment. Therefore,
the control unit CONT preponderantly cleans the circumier-
ential edge portion 1As of the substrate P held by the substrate
holder PH by using the first liquaid LQ1 supplied from the
supply port 12 of the nozzle member 70.

FI1G. 15 shows a sectional view 1llustrating a state 1n which
the circumierential edge portion 1As of the substrate P 1s
cleaned. When the circumierential edge portion 1As of the
substrate P 1s cleaned with the first liquad LQ1, the control
unit CONT forms the liquid immersion area LR of the first
liguad LQ1 on the circumierential edge portion 1As of the
substrate P. The nozzle member 70 and the substrate stage
PST are relatively moved, and the liquid immersion area LR
of the first liquud LQ1 1s moved along the circumierential
edge portion 1As (gap A) which 1s formed to be substantially
annular, as indicated by the arrow y3 shown 1 FIG. 14. The
number of the movement of the liguid immersion area LR
along the arrow y3 1s not limited to one (one round). The
movement can be executed arbitrarily a plurality of times (a
plurality of rounds).

The base material 1 has the lyophilicity or liquud-attracting,
property with respect to the liquid LQ1 as compared with the
photosensitive material 2 1n many cases. Therefore, there 1s
such a high possibility that the liquid LQ1, which 1s used for
the ligmid 1mmersion exposure, remains on the side surface
1C and/or the circumierential edge portion 1As as the
exposed portion of the base material 1. Further, there 1s such
a high possibility that the first ligmad LQ1, which remains on
the circumierential edge portion 1As, 1s dried, the foreign
matter 1s adhered to the circumiferential edge portion 1As of
the base material 1, and the adhesion trace 1s formed. Accord-
ingly, the circumierential edge portion 1As of the base mate-
rial 1 1s preponderantly cleaned after the liquid immersion
exposure. Thus, 1t 1s possible to avoid the inconvenience of
the adhesion of the foreign matter to the circumierential edge
portion 1As of the substrate P. Consequently, 1t 1s possible to
avold the mmconvenience of the formation of the adhesion
trace. In other situations, even when the foreign matter 1s
adhered to the circumierential edge portion 1As, the foreign
matter can be decreased or miniaturized or removed. Further,
it 15 possible to avoid the adhesion of the foreign matter to the
side surface of the substrate P (side surface 1C of the base
material 1) by moving the liquid immersion area LR of the
first liquad LQ1 along the gap A. Even when the foreign
matter 1s adhered, 1t 1s possible to decrease or miniaturize or
remove the adhered foreign matter.

The cleaning process 1s performed for a predetermined
period of time 1n the state 1n which the substrate P 1s held by
the substrate holder PH. After that, the control unit CONT
recovers and removes the first liquid LQ1 used for the clean-
ing process, by using the liquid recovery mechanism 20 (Step
S57.2). Subsequently, the substrate P, to which the cleaning
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process has been applied, 1s unloaded by the control unit
CONT by using the first transport system H1. The pollution of
the first transport system H1 1s suppressed when the substrate
P 1s unloaded, because the cleaning process has been per-
formed for the substrate P on the substrate holder PH. The

post-baking (Step S8) and the development process (Step S9)

are performed for the substrate P in the same manner as in the
embodiment described above.

As described above, the cleaning process 1s performed for
the substrate P by using the first liquid LQ1 supplied from the
supply port 12 of the nozzle member 70 1n the state in which
the substrate P 1s held by the substrate holder PH before the
substrate P, which has been subjected to the exposure process,
1s unloaded out of the substrate holder PH. Theretore, it 1s
possible to remove or decrease or miniaturize the foreign
matter (adhered matter) adhered to the substrate P. Even when
the droplets or the like of the first liquid LQ1 remain on the
substrate P after the cleaning process, the concentration of the
pollutant (eluted substance) 1s lowered 1n the first liquid LQ
remaining on the substrate P owing to the cleaning process.
Theretfore, even when the remaining first liquid LQ1 1s dried,
it 1s possible to avoid (control) the appearance of the foreign
matter (adhered matter) on the substrate P. Therefore, the
pollution of the transport system H 1s not only avoided, but the
occurrence ol the pattern defect can be also avoided even
when the development process 1s performed with the coater/
developer apparatus C/D-SYS. It 1s also possible to avoid the
pollution of the substrate-accommodating container when the
substrate P 1s transported to the substrate-accommodating
container from the substrate stage PS'T (substrate holder PH).
In particular, the circumierential edge portion of the substrate
P 1s preponderantly cleaned in this embodiment. Therefore, 1t
1s possible to effectively avoid the pollution of the substrate-

accommodating container and the transport system for sup-
porting the circumierential edge portion of the substrate P.
The second liquid LQ2, which 1s different from the first
liguid LQ1, may be used for the cleaning process in the
second embodiment. In this case, the first liquid LQ1 may be
recovered after the liquid immersion exposure process based
on the use of the first liquid LQ1, and the second liquid LQ2
may be supplied and recovered by using the liquid immersion
mechanism 100. A liquid, which contains a component hav-
ing the cleaming function, may be used for the second liquid
L.Q2. The second liquid LQ2 may be prepared by containing,
for example, a component having the cleaning function such
as a surfactant and/or a water-soluble organic solvent in the
liquid which 1s of the same type as that of the first liquid.

Third Embodiment

Next, a third embodiment will be explained. The feature of
the third embodiment resides 1n the fact that the substrate P,
for which the liquid immersion exposure has been completed,
1s unloaded out of the substrate holder PH, and then the
substrate P 1s cleaned with the second liquid LQ2. Also 1n this
embodiment, the second liquid LQ2 for the cleaning process
1s the same as the first liquid LQ1 for the liguid immersion
EXpOSUre process.

FIG. 16 schematically shows a cleaning unit 50 for clean-
ing the substrate P after being unloaded out of the substrate
holder PH. The cleaning unit 50 1s provided at an intermediate
position of the second transport system H2 of the coater/
developer apparatus C/D-SYS. The cleaning unit 30 1is
capable of cleaning the upper surface of the substrate P and
the lower surface of the substrate P (lower surface 1B of the
base material 1).
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The cleaning unit 50 comprises a first supply member 51
which 1s arranged over the substrate P and which has a supply
port 51A for supplying the second liquid LQ2 to the upper
surface of the substrate P, and a second supply member 52
which 1s arranged under the substrate P and which has a
supply port 52A for supplying the second liquid LQ2 to the
lower surface of the substrate P. The substrate P 1s held by an
unillustrated holder. The first and second supply members 51,
52 and the substrate P are movable relatively to one another.
When the second liquid LQ2 1s supplied to the substrate P
from the first and second supply members 51, 52 while rela-
tively moving the first and second supply members 51, 52 and
the substrate P, 1t 1s possible to clean, with the second liquid
L.Q2, the upper surface (including the circumierential edge
portion), the lower surface, and the side surface of the sub-
strate P. The substrate P may be cleaned by supplying the
second liquid LQ2 while rotating the substrate P.

The second liquid LQ2, which 1s adhered to the substrate P,
can be removed by allowing the gas to blow against the
substrate P, for example, from the blow members 37, 38 as
shown 1n FIG. 7 with respect to the substrate P after the
cleaning process. When the substrate P 1s cleaned, the supply
of the second liquid LQ2 and the supply of the gas may be
performed concurrently.

The substrate P can be also cleaned with the second liquid
L.Q2 supplied from the supply members 51, 52 of the cleaning
unit 50 after the substrate P, for which the exposure process
has been performed, 1s unloaded out of the substrate holder
PH as described above. For example, when the substrate P 1s
subjected to the liquid immersion exposure 1n the state in
which the substrate P 1s held by the substrate holder PH, 11 the
liquid makes inflow 1nto the lower surface side of the sub-
strate P via the gap A and the gap B (see FIG. 10), then 1t 1s
feared that the foreign matter may be adhered to the side
surface and the lower surface of the substrate P, and the
adhesion trace of the first liquid LQ1 may be formed thereon.
In this embodiment, the side surtace and the lower surface of
the substrate P can be cleaned satisfactorily as well. There-
fore, even when the foreign matter 1s adhered to the side
surface and the lower surface of the substrate P, it 1s possible
to decrease or miniaturize or remove the foreign matter.
Therefore, it 1s possible to avoid the pollution of the tempera-
ture adjustment mechanism in order to perform the post-
baking (PEB) for the substrate P and the transport system for
the substrate P after the cleaning process. It 1s also possible to
avold the occurrence of the pattern defect by performing the
development process after the cleaning process.

Any liquid, which 1s different from the first liquid LQ1, can
be also used as the second liquid LQ2 in the third embodi-
ment. In particular, when only the portion including, for
example, the side surface (circumierential edge portion 1As)
and the back surface (lower surface) of the substrate P, which
does not affect the photosensitive material 2, 1s cleaned in the
third embodiment, an organic solvent such as a thinner can be
used as the second liquid LQ2. Therefore, 1t 1s possible to
elfectively remove or provide small diameters of the adhered
matter (foreign matter) on the side surface and the back sur-
face of the substrate P.

Also 1n the third embodiment, 1t 1s possible to use the
immersion process explained in the first embodiment 1n com-
bination.

This embodiment is constructed such that the cleaning unit
50 1s provided for the coater/developer apparatus C/D-SY S. It
1s of course allowable that the cleaning unit 50 1s provided for
the exposure apparatus EX-SYS. For example, the cleaning
unit 50 may be provided at an intermediate position of the
transport passage of the first transport system H1 for con-
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structing the exposure apparatus EX-SYS. Accordingly, the
substrate P after the liquid immersion exposure process can

be cleaned with the second liquid LQ2 1n the exposure appa-
ratus EX-SYS. Alternatively, the cleaning unit 50 may be
provided for the interface IF.

The second embodiment and the third embodiment are
illustrative of the case in which the substrate P after the liquid
immersion exposure 1s cleaned. However, an error 1s caused
in some situations such that the substrate P, which makes
contact with the first liquid LQ1, should be unloaded out of
the substrate holder PH before the completion of the desired
process including, for example, the exposure process on the
substrate stage PST (substrate holder PH). Also 1 such a
situation, 1t 1s possible to execute the cleaning process as
explained in the second embodiment and the third embodi-
ment.

A detection unit, which detects the foreign matter (includ-
ing the liquid and/or the adhesion trace of the liquid) on the
surface of the substrate P after the liquid immersion exposure,
may be provided. Only when any unallowable foreign matter
1s detected on the surface of the substrate P, the substrate P
may be cleaned by using the cleaning unit 50. In the second
and third embodiments, the condition of the cleaning process
can be set on the basis of the information about the substrate
P as described above including, for example, the type of the
photosensitive material 2.

Fourth Embodiment

Next, a fourth embodiment will be explained with refer-
ence to FIGS. 17 and 18. The feature of the fourth embodi-
ment resides 1n the fact that a thin film 3, which covers the
photosensitive material 2, 1s formed on the surface of the
substrate P to be exposed, as shown in FIG. 17. The thin {ilm
3 includes, for example, an antireflection film (top ARC) and
a top coat film (protective film). In a certain form, the thin film
3 1s a top coat film which covers an antiretlection film formed
on the photosensitive material 2. The top coat film protects the
photosensitive material 2 from the liquid, which 1s formed of,
for example, a fluorine-based liquid-repellent material.

As schematically shown in FIG. 18, when the thin film 3 1s
provided, 1t 1s possible to suppress the elution of the prede-
termined substance (for example, PAG) from the photosensi-
tive material 2 to the liquid, even when the substrate P makes
contact with the liqud. Therefore, when the photosensitive
material 2 1s coated with the thin film 3, the immersion con-
dition, which 1s adopted when the immersion process 1s per-
formed as explained 1n the first embodiment, can be changed
with respect to the case 1n which the photosensitive material
2 1s not coated with the thin film 3. That 1s, 1t 1s possible to set
the immersion condition for the immersion process based on
the use of the immersion unit 30 and the liquid immersion
mechanism 100 depending on the information about the thin
f1lm 3 by using the presence or absence of the thin film 3 as the
information about the substrate P. Specifically, 1t 1s possible to
appropriately set, for example, the immersion time included
in the immersion condition depending on the presence or
absence of the thin film 3. For example, when the thin film 3
1s present, the predetermined substance 1s not eluted substan-
tially from the photosensitive material 2 to the liquid. There-
fore, 1t 1s possible to shorten the immersion time, and/or 1t 1s
possible to omit the immersion process itself.

When the thin film 3 1s present, the elution of the predeter-
mined substance from the photosensitive material 2 to the
liquid 1s suppressed. Accordingly, it 1s possible to suppress
the adhesion of the foreign matter to the substrate P and the
formation of the adhesion trace. Therefore, the cleaning con-
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dition of the cleaning process as explained 1n the second and
third embodiments may be appropriately set depending on the
presence or absence of the thin film 3. For example, when the
thin film 3 1s present, then 1t 1s possible to shorten the cleaning
time, and/or it is possible to omit the cleaning process itself, 2

There 1s also such a possibility that the predetermined
substance contained in the photosensitive material 2 may be
cluted into the liquid through the thin film 3, and the sub-
stance of the material for forming the thin film 3 may be
cluted 1nto the liquid, depending on the substance for con-
structing the thin film 3. Therefore, when the 1mmersion
process and the cleaning process are performed, 1t 1s desirable
to consider, for example, the information about the material
(substance) of the thin film 3 as well, without being limited to
only the presence or absence of the thin film 3 on the photo-
sensitive material 2, as the information about the substrate P.

When the thin film (top ARC, protective film) 3 1s formed
on the photosensitive material 2 1n the first embodiment, 1t 1s
also allowable that the immersion unit 30 1s used as a unit for »g
applying (forming) the thin film 3 as well.

The first and second liquids LQ1, LQ2 may be those which

are composed of the same material (water) and which have
properties or components (water qualities) different from
cach other. The items of the property or the component of the 25
liquid herein include, for example, the specific resistance
value of the liquid, the total organic carbon (TOC) in the
liquid, the foreign matter including particles and bubbles
contained 1n the liquid, the dissolved gas including the dis-
solved oxygen (DO) and the dissolved nitrogen (DN), the
metal 1on content, the silica concentration 1n the liquid, and
the live bacteria or germs. For example, the sutficient clean-
ness 1s required for the first liquid LQ1 to be used for the
liquid immersion exposure. However, it 1s allowable that the
second liquid LQ2, which 1s used for the immersion process,
has the cleanness lower than that of the first liquad LQ1. It 1s
also possible to use various fluids, for example, the supercriti-
cal fluid as the first and second liquids LQ1, LQ2.

Liquids, which have the same material (water) and which 4

have different temperatures, may be used as the first and
second liquads LQ1, LQ2.

In the embodiment described above, it 1s preferable that the
cleaning process time (Step S7.1) 1s set so that the period of
time, which ranges from the completion of the liquid immer- 45
s1on exposure (Step S7) to the start of the post-baking (Step
S8), 1s within a preset predetermined period of time. If any
basic substance such as ammonia exists 1n the atmosphere in
the first chamber apparatus CHI1, it 1s feared that the basic
substance may adhere to the surface of the photosensitive 50
material 2, and the basic substance may cause the neutraliza-
tion reaction with acid to cause the deactivation phenomenon
of acid. Therefore, 1t 1s preferable that the post-baking is
performed before the neutralization reaction 1s accelerated.
Therefore, the post-baking can be executed before the neu- 55
tralization reaction 1s accelerated, by setting the cleaning
process time in consideration of the period of time ranging
from the completion of the liquid immersion exposure to the
start of the post-baking.

In the embodiment described above, the explanation has 60
been made as exemplified by the case 1n which the chemical
amplification type resist 1s used as the photosensitive material
2 by way of example. However, 1t 1s also allowable to use, for
example, a novolac resin-based resist containing no PAG.
Also 1n this case, the liquid immersion exposure process can 65
be performed after removing the foreign matter on the pho-
tosensitive material beforehand by performing the immersion
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process. It 1s possible to avoid the formation of the adhesion
trace by performing the cleaning process after the liquid
Immersion €Xposure process.

In the embodiment described above, the explanation has
been made for the case 1n which the base material 1 1s coated
with the photosensitive material 2 in order to simplify the
explanation. However, even when pattern layers are already
formed on the base material 1 after performing several expo-
sure steps, 1t 1s possible to perform the immersion process and
the cleaning process as described above. In this case, 1t 1s also
appropriate to consider the elution of the material for forming
the pattern layers into the liquid.

As described above, the liquid (first liquid) 1s pure water 1n
the embodiment of the present invention. Pure water 1s advan-
tageous 1n that pure water 1s available 1n a large amount with
case, for example, 1n the semiconductor production factory,
and pure water exerts no harmful influence, for example, on
the optical element (lens) and the photoresist on the substrate
P. Further, pure water exerts no harmful influence on the
environment, and the content of impurity 1s extremely low.
Therefore, 1t 1s also expected to obtain the function to clean
the surface of the substrate P and the surface of the optical
clement provided at the end surface of the projection optical
system PL. When the purity of pure water supplied from the
tactory or the like 1s low, 1t 1s also allowable that the exposure
apparatus 1s provided with an ultra pure water-producing unait.

It 1s approved that the refractive index n of pure water
(water) with respect to the exposure light beam EL having a
wavelength of about 193 nm 1s approximately 1.44. When the
ArF excimer laser beam (wavelength: 193 nm) 1s used as the
light source of the exposure light beam EL, then the wave-
length 1s shortened on the substrate P by 1/n, 1.¢., to about 134
nm, and a high resolution 1s obtained. Further, the depth of
focus 1s magnified about n times, 1.e., about 1.44 times as
compared with the value obtained 1n the air. Therefore, when
it 1s enough to secure an approximately equivalent depth of
focus as compared with the case of the use in the air, 1t 1s
possible to further increase the numerical aperture of the
projection optical system PL. Also 1n this viewpoint, the
resolution 1s improved.

When the liquid immersion method 1s used as described
above, the numerical aperture NA of the projection optical
system 15 0.9 to 1.3 1 some cases. When the numerical
aperture NA of the projection optical system 1s large as
described above, it 1s desirable to use the polarized 1llumina-
tion, because the 1image formation performance i1s deterio-
rated due to the polarization effect in some cases with the
random polarized light which has been hitherto used as the
exposure light beam. In this case, 1t 1s appropriate that the
linear polarized illumination, which 1s adjusted to the longi-
tudinal direction of the line pattern of the line-and-space
pattern of the mask (reticle), 1s effected so that the diffracted
light of the S-polarized light component (TE-polarized light
component), 1.e., the component 1n the polarization direction
along with the longitudinal direction of the line pattern 1s
dominantly allowed to outgo from the pattern of the mask
(reticle). When the space between the projection optical sys-
tem PL and the resist coated on the surface of the substrate P
1s {illed with the liquid, the diffracted light of the S-polarized
light component (TE-polarized light component), which con-
tributes to the improvement in the contrast, has the high
transmittance on the resist surface, as compared with the case
in which the space between the projection optical system PL
and the resist coated on the surface of the substrate P 1s filled
with the air (gas). Therefore, 1t 1s possible to obtain the high
image formation performance even when the numerical aper-
ture NA of the projection optical system exceeds 1.0. Further,
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it 1s more elflective to appropriately combine, for example, the
phase shift mask and the oblique incidence i1llumination
method (especially the dipole illumination method) adjusted
to the longitudinal direction of the line pattern as disclosed in
Japanese Patent Application Laid-open No. 6-188169. In par-
ticular, the combination of the linear polarized 1llumination
method and the dipole 1llumination method 1s effective when
the periodic direction of the line-and-space pattern 1s
restricted to one predetermined direction and when the hole
pattern 1s clustered 1 one predetermined direction. For
example, when a phase shift mask of the half tone type having
a transmittance of 6% (pattern having a half pitch of about 45
nm) 1s 1lluminated by using the linear polarized 1llumination
method and the dipole 1llumination method 1n combination,
the depth of focus (DOF) can be increased by about 150 nm as
compared with the use of the random polarized light provided
that the 1llumination o, which 1s prescribed by the circum-
scribed circle of the two light fluxes for forming the dipole on
the pupil plane of the illumination system, 1s 0.95, the radius
of each of the light fluxes at the pupil plane 1s 0.1250, and the
numerical aperture of the projection optical system PL 1s
NA=1.2.

It 1s also effective to adopt a combination of the linear
polarized 1llumination and the small o 1llumination method
(1llumination method wherein the o value, which indicates
the ratio between the numerical aperture NA1 of the 1llumi-
nation system and the numerical aperture NAp of the projec-
tion optical system, 1s not more than 0.4).

For example, when the ArF excimer laser 1s used as the
exposure light beam, and the substrate P 1s exposed with a fine
line-and-space pattern (for example, line-and-space of about
25 to 50 nm) by using the projection optical system PL having
a reduction magnification of about V4, then the mask M acts as
a polarizing plate due to the Wave guide effect depending on
the structure of the mask M (for example, the pattern fineness
and the thickness of chromium), and the diffracted light of the
S-polarized light component (TE-polarized light component)
outgoes from the mask M 1n an amount larger than that of the
diffracted light of the P-polarized light component (TM-po-
larized light component) which lowers the contrast. In this
case, 1t 1s desirable to use the linear polarized 1llumination as
described above. However, even when the mask M 1s 1llumi-
nated with the random polarized light, it 1s possible to obtain
the high resolution performance even when the numerical
aperture NA of the projection optical system PL 1s large, 1.¢.,
0.9 to 1.3.

When the substrate P 1s exposed with an extremely fine
line-and-space pattern on the mask M, there 1s such a possi-
bility that the P-polarized light component (TM-polarized
light component) 1s larger than the S-polarized light compo-
nent (TE-polarized light component) due to the Wire Grid
cifect. However, for example, when the ArF excimer laser 1s
used as the exposure light beam, and the substrate P 1s
exposed with a line-and-space pattern larger than 25 nm by
using the projection optical system PL having a reduction
magnification of about V4, then the diffracted light of the
S-polarized light component (TE-polarized light component)
outgoes from the mask M 1n an amount larger than that of the
diffracted light of the P-polarized light component (TM-po-
larized light component). Therefore, it 1s possible to obtain
the high resolution performance even when the numerical
aperture NA of the projection optical system PL 1s large, 1.¢.,
0.9 to 1.3.

Further, 1t 1s also eftective to use the combination of the
oblique incidence 1llumination method and the polarized 1llu-
mination method 1n which the linear polarization 1s effected
in the tangential (circumierential) direction of the circle hav-
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ing the center of the optical axis as disclosed 1n Japanese
Patent Application Laid-open No. 6-53120, without being
limited to only the linear polarized illumination (S-polarized
i1llumination) adjusted to the longitudinal direction of the line
pattern of the mask (reticle). In particular, when the pattern of
the mask (reticle) includes not only the line pattern extending
in one predetermined direction, but the pattern also includes
the line patterns extending 1n a plurality of different directions
in a mixed manner (line-and-space patterns having different
periodic directions are present 1n a mixed manner), then 1t 1s
possible to obtain the high image formation performance
even when the numerical aperture NA of the projection opti-
cal system 1s large, by using, in combination, the zonal 1llu-
mination method and the polarized 1llumination method 1n
which the light 1s linearly polarized 1n the tangential direction
ol the circle having the center of the optical axis, as disclosed
in Japanese Patent Application Laid-open No. 6-53120 as
well. For example, when a phase shiit mask of the half tone
type having a transmittance of 6% (pattern having a half pitch
of about 63 nm) 1s 1lluminated by using, in combination, the
zonal 1llumination method (zonal ratio: 34) and the polarized
illumination method in which the light is linearly polarized 1n
the tangential direction of the circle having the center of the
optical axis, the depth of focus (DOF) can be increased by
about 250 nm as compared with the use of the random polar-
1zed light provided that the i1llumination o 1s 0.95 and the
numerical aperture of the projection optical system PL 1s
NA=1.00. In the case of a pattern having a half pitch of about
55 nm and a numerical aperture of the projection optical
system NA=1.2, the depth of focus can be increased by about
100 nm.

In addition to the various types of the 1llumination methods
as described above, it 1s also effective to adapt, for example,
the progressive multi-focal exposure method disclosed in
Japanese Patent Application Laid-open Nos. 4-277612 and
2001-345245, and the multiwavelength exposure method to
obtain an effect equivalent to that of the progressive multi-
focal exposure method by using a multiwavelength (for
example, biwavelength) exposure light beam.

In the embodiment of the present invention, the optical
clement L.S1 1s attached to the end portion of the projection
optical system PL. Such an optical element makes 1t possible
to adjust the optical characteristics of the projection optical
system PL, for example, the aberration (for example, spheri-
cal aberration and coma aberration). The optical element,
which 1s attached to the end portion of the projection optical
system PL, may be an optical plate which 1s usable to adjust
the optical characteristics of the projection optical system PL.
Alternatively, the optical element may be a plane-parallel
plate through which the exposure light beam EL 1s transmis-
SIvVe.

When the pressure, which 1s generated by the flow of the
liqguad LQ), 1s large between the substrate P and the optical
clement disposed at the end portion of the projection optical
system PL, it 1s also allowable that the optical element 1s
tightly fixed so that the optical element 1s not moved by the
pressure, without allowing the optical element to be
exchangeable.

In the embodiment of the present immvention, the space
between the projection optical system PL and the surface of
the substrate P 1s filled with the liquid. However, for example,
it 1s also allowable that the space 1s filled with the liquid LQ
in such a state that a cover glass composed of a parallel flat
plate 1s attached to the surface of the substrate P.

In the projection optical system of the embodiment
described above, the optical path space, which 1s arranged on
the image plane side of the optical element disposed at the end
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portion, 1s filled with the liquid. However, as disclosed in
International Publication No. 2004/019128, 1t 1s also possible
to adopt a projection optical system 1n which the optical path
space arranged on the mask side of the optical element dis-
posed at the end portion 1s also filled with the liqud.

The liquad (first liguid) 1s water 1n the embodiment of the
present mvention. However, the liquid may be any liquid
other than water. For example, when the light source of the
exposure light beam EL 1s the I, laser, the F,, laser beam 1s not
transmitted through water. Therefore, those preferably usable
as the liquid LQ may include, for example, fluorine-based
fluids such as fluorine-based o1l and perfluoropolyether
(PFPE) through which the F, laser beam 1s transmissive. In
this case, the portion, which makes contact with the liquid, 1s
subjected to a liquid-attracting treatment by forming, for
example, a thin film with a substance having a molecular
structure containing fluorine having small polarity. Alterna-
tively, other than the above, 1t 1s also possible to use, as the
liquad LQ, those (for example, cedar o1l) which have the
transmittance with respect to the exposure light beam EL,
which have the refractive index as high as possible, and which
are stable against the photoresist coated on the surface of the
substrate P and the projection optical system PL. Also 1n this
case, the surface treatment 1s performed depending on the
polarity of the liquid LQ to be used.

The substrate P, which 1s usable 1n the respective embodi-
ments described above, 1s not limited to the semiconductor
waler for producing the semiconductor device. Those appli-
cable include, for example, the glass substrate for the display
device, the ceramic water for the thin film magnetic head, and
the master plate (synthetic silica glass, silicon water) for the
mask or the reticle to be used for the exposure apparatus.

As Tor the exposure apparatus EX, the present invention 1s
also applicable to the scanning type exposure apparatus
(scanning stepper) based on the step-and-scan system for
performing the scanning exposure with the pattern of the
mask M by synchronously moving the mask M and the sub-
strate P as well as the projection exposure apparatus (stepper)
based on the step-and-repeat system for performing the full
field exposure with the pattern of the mask M 1n a state 1n
which the mask M and the substrate P are allowed to stand
still, while successively step-moving the substrate P.

As for the exposure apparatus EX, the present invention 1s
also applicable to the exposure apparatus based on the system
in which the full field exposure 1s performed on the substrate
P by using a projection optical system (for example, the
dioptric type projection optical system having a reduction
magnification of 4 and including no catoptric element) with
a reduction 1mage of a {irst pattern in a state in which the first
pattern and the substrate P are allowed to substantially stand
still. In this case, the present invention 1s also applicable to the
tull field exposure apparatus based on the stitch system 1n
which the full field exposure 1s further performed thereafter
on the substrate P by partially overlaying areduction image of
a second pattern with respect to the first pattern by using the
projection optical system 1n a state 1n which the second pat-
tern and the substrate P are allowed to substantially stand still.
As for the exposure apparatus based on the stitch system, the
present invention 1s also applicable to the exposure apparatus
based on the step-and-stitch system in which at least two
patterns are partially overlaid and transierred on the substrate
P, and the substrate P 1s successively moved. The embodiment
described above has been explained as exemplified by the
exposure apparatus provided with the projection optical sys-
tem PL by way of example. However, the present invention 1s
applicable to the exposure apparatus and the exposure method
in which the projection optical system PL 1s not used.
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The present invention 1s also applicable to the twin-stage
type exposure apparatus. The structure and the exposure
operation of the twin-stage type exposure apparatus are dis-

closed, for example, in Japanese Patent Application Laid-
open Nos. 10-163099 and 10-214783 (corresponding to U.S.

Pat. Nos. 6,341,007, 6,400,441, 6,549,269, and 6,590,634),
Japanese Patent Application Laid-open No. 2000-505958
(PCT) (corresponding to U.S. Pat. No. 5,969,441), and U.S.
Pat. No. 6,208,407. The disclosures thereof are incorporated
herein by reference within a range of permission of the
domestic laws and ordinances of the state designated or
selected 1n this international application.

The present mvention 1s also applicable to an exposure
apparatus provided with a substrate stage which retains the
substrate and a measuring stage which carries various photo-
clectric sensors and reference members formed with refer-
ence marks as disclosed 1n Japanese Laid-Open Patent Pub-
lication No. 11-135400.

In the embodiment described above, the exposure appara-
tus, 1n which the space between the projection optical system
PL and the substrate P 1s locally filled with the liquid, 1s
adopted. However, the present invention 1s also applicable to
a such liquid immersion exposure apparatus that the exposure
1s performed 1n a state 1n which the entire surface of the
substrate as the exposure objective 1s immersed 1n a liquid as
disclosed, for example, 1n Japanese Patent Application Laid-
open Nos. 6-124873 and 10-303114 and U.S. Pat. No. 5,825,
043. The structure and the exposure operation of such a liquid
immersion exposure apparatus are described in detail, for
example, i U.S. Pat. No. 35,825,043, The contents of the
description in this United States patent document are incor-
porated herein by reference within a range of permission of
the domestic laws and ordinances of the state designated or
selected 1n this international application.

As for the type of the exposure apparatus EX, the present
invention 1s not limited to the exposure apparatus for the
semiconductor device production for exposing the substrate P
with the semiconductor device pattern. The present invention
1s also widely applicable, for example, to the exposure appa-
ratus for producing the liqud crystal display device or for
producing the display as well as the exposure apparatus for
producing, for example, the thin film magnetic head, the
image pickup device (CCD), the reticle, or the mask.

When the linear motor 1s used for the substrate stage PST
and/or the mask stage MST, it 1s allowable to use any one of
those of the air tloating type based on the use of the air bearing
and those of the magnetic tloating type based on the use of the
Lorentz’s force or the reactance force. Each of the stages PST,
MST may be either of the type 1n which the movement 1s
cifected along the guide or of the guideless type in which no
guide 1s provided. An example of the use of the linear motor
for the stage 1s disclosed 1 U.S. Pat. Nos. 5,623,853 and
5,528,118. The contents of the descriptions in the literatures
are incorporated herein by reference respectively within a
range of permission of the domestic laws and ordinances of
the state designated or selected in this international applica-
tion.

As for the driving mechanism for each of the stages PST,
MST, 1t 1s also allowable to use a plane motor 1n which a
magnet unit provided with two-dimensionally arranged mag-
nets and an armature unit provided with two-dimensionally
arranged coils are opposed to one another, and each of the
stages PS'T, MST 1s driven by means of the electromagnetic
force. In this arrangement, any one of the magnet unit and the
armature unit 1s connected to the stage PST, MST, and the
other of the magnet unit and the armature unit 1s provided on
the side of the movable surface of the stage PST, MST.
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The reaction force, which 1s generated 1n accordance with
the movement of the substrate stage PST, may be mechani-

cally released to the floor (ground) by using a frame member
so that the reaction force is not transmitted to the projection
optical system PL, as described 1n Japanese Patent Applica-
tion Laid-open No. 8-1664775 (U.S. Pat. No. 5,528,118). The
contents of the descriptions 1n U.S. Pat. No. 5,528,118 are
incorporated herein by reference within a range of permission
of the domestic laws and ordinances of the state designated or
selected 1n this international application.

The reaction force, which 1s generated 1n accordance with
the movement of the mask stage MS'T, may be mechanically
released to the floor (ground) by using a frame member so that
the reaction force 1s not transmitted to the projection optical
system PL, as described 1n Japanese Patent Application Laid-
open No. 8-330224 (U.S. Pat. No. 5,874,820). The disclosure
of U.S. Pat. No. 5,874,820 1s incorporated herein by reference
within a range of permission of the domestic laws and ordi-
nances of the state designated or selected in this international
application.

As described above, the exposure apparatus EX according
to the embodiment of the present mvention 1s produced by
assembling the various subsystems including the respective
constitutive elements as defined in claims so that the prede-
termined mechanical accuracy, the electric accuracy, and the
optical accuracy are maintained. In order to secure the various
accuracies, those performed before and after the assembling
include the adjustment for achieving the optical accuracy for
the various optical systems, the adjustment for achuieving the
mechanical accuracy for the various mechanical systems, and
the adjustment for achieving the electric accuracy for the
various electric systems. The steps of assembling the various
subsystems 1nto the exposure apparatus include, for example,
the mechanical connection, the wiring connection of the elec-
tric circuits, and the piping connection of the air pressure
circuits 1n correlation with the various subsystems. It goes
without saying that the steps of assembling the respective
individual subsystems are performed before performing the
steps of assembling the various subsystems into the exposure
apparatus. When the steps of assembling the various sub-
systems 1nto the exposure apparatus are completed, the over-
all adjustment 1s performed to secure the various accuracies
as the entire exposure apparatus. It 1s desirable that the expo-
sure apparatus 1s produced in a clean room in which, for
example, the temperature and the cleanness are managed.

As shown 1n FIG. 19, the microdevice such as the semi-
conductor device 1s produced by performing, for example, a
step 201 of designing the function and the performance of the
microdevice, a step 202 of manufacturing a mask (reticle)
based on the designing step, a step 203 of producing a sub-
strate as a base material for the device, a substrate processing
step (exposure process step) 204 of exposing a pattern of the
mask on the substrate by using the exposure apparatus EX of
the embodiment described above and developing the exposed
substrate, a step of assembling the device (including machin-
ing processes including, for example, a dicing step, a bonding
step, and a packaging step) 205, and an 1nspection step 206.
The substrate processing step 204 includes the immersion
step and the cleaning step as explained with reference to
FIGS. 3 and 13 distinctly from the exposure step.

INDUSTRIAL APPLICABILITY

According to the present imnvention, the substrate can be
satisfactorily processed in relation to the liquid immersion
exposure. Therefore, 1t 1s possible to produce the device hav-
ing the desired performance.
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The mvention claimed 1s:

1. A substrate processing method comprising:

holding a substrate on a substrate holder;

exposing the substrate held on the substrate holder by

forming a liquid immersion area of a first liquid on the
substrate and radiating an exposure light beam onto the
substrate through the first liquid;

immersing the substrate in a second liquid, before the

substrate 1s loaded on the substrate holder and before
exposing the substrate; and

adjusting a temperature of the substrate to be a predeter-

mined temperature after a process of removing the sec-
ond liquid from the substrate and before the substrate 1s
loaded on the substrate holder, wherein

the predetermined temperature 1s based on at least one of

the temperature of the substrate holder and a tempera-
ture of the first liquid.

2. The substrate processing method according to claim 1,
wherein:

the substrate includes a base material and a photosensitive

material with which a surface of the base material is
coated; and

a liquid immersion condition for immersing the substrate

in the second liquid 1s set depending on information
about the substrate.

3. The substrate processing method according to claim 2,
wherein the information about the substrate includes infor-
mation about the photosensitive materal.

4. The substrate processing method according to claim 3,
wherein the information about the substrate includes elution
time for which a part of a substance contained 1n the photo-
sensitive material 1s eluted into the second liquid.

5. The substrate processing method according to claim 2,
wherein the information about the substrate includes infor-
mation about a protective {ilm which covers the photosensi-
tive material therewith.

6. The substrate processing method according to claim 3,
wherein the information about the substrate includes the pres-
ence or absence of the protective film.

7. The substrate processing method according to claim 2,
wherein the liquid immersion condition includes a removal
condition of the second liquad.

8. The substrate processing method according to claim 2,
wherein the liquid immersion condition for immersing the
substrate in the second liquid includes immersion time.

9. The substrate processing method according to claim 2,
turther comprising forming a thin film on the photosensitive
material with which the base material 1s coated.

10. The substrate processing method according to claim 1,
wherein the liquid immersion area of the first liquid 1s formed
on the substrate after removing the second liquid from the
substrate.

11. The substrate processing method according to claim 1,
wherein the temperature of the substrate 1s adjusted to com-
pensate a temperature change of the substrate caused by heat
ol vaporization generated when the second liquid 1s removed.

12. The substrate processing method according to claim 1,
wherein the first liquid 1s the same as the second hiquid.

13. The substrate processing method according to claim 1,
wherein the first liquid 1s different from the second liquid.

14. The substrate processing method according to claim 1,
turther comprising preparing the substrate by coating a base
material with a photosensitive material, and pre-baking the
prepared substrate, wherein the substrate 1s immersed 1n the
second liquud after pre-baking the substrate.

15. A method for producing a device, comprising:

the substrate processing method as defined 1n claim 14;
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developing the substrate after exposing the substrate; and

processing the developed substrate.

16. The substrate processing method according to claim 1,
wherein the temperature of the substrate 1s adjusted such that
the adjusted temperature 1s approximately the same as the
temperature of the substrate holder.

17. The substrate processing method according to claim 1,
wherein the temperature of the substrate 1s adjusted such that
the adjusted temperature 1s approximately the same as the
temperature of the first liquad.

18. The substrate processing method according to claim 1,
wherein the first liquid and the second liquid are pure water,
and the first liquid 1s different from the second liquid 1n a
property or a component.

19. An exposure apparatus which exposes a substrate by
forming a liquid immersion area of a first liquid on the sub-
strate and radiating an exposure light beam onto the substrate
through the first liquid, the exposure apparatus comprising:

a substrate holder on which the substrate 1s held, the sub-
strate being loaded on the substrate holder after immers-
ing the substrate 1n a second liquid and after a process of
removing the second liquid from the substrate;

a projection system by which the exposure light beam 1s
radiated onto the substrate held by the substrate holder
through the first liquid 1n the liquid 1immersion area
formed on the substrate; and

a temperature adjustment device which adjusts a tempera-
ture of the substrate to be a predetermined temperature
aiter the process of removing the second liquid from the
substrate and before loading the substrate on the sub-
strate holder, wherein the predetermined temperature 1s
based on at least one of a temperature of the substrate
holder and a temperature of the first liquid.

20. The exposure apparatus according to claim 19, further

comprising;

a transport system which transports the substrate; and
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an immersion device which 1s provided at an intermediate
position of a transport passage of the transport system
and which immerses the substrate 1n the second liquid
betore the temperature of the substrate 1s adjusted by the
temperature adjustment device.

21. The exposure apparatus according to claim 20, wherein
the 1mmersion device sets an immersion condition for
immersing the substrate in the second liquid on the basis of
information about the substrate.

22. The exposure apparatus according to claim 19, wherein

the temperature adjustment device adjusts the temperature

of the substrate to compensate a temperature change of
the substrate caused by heat of vaporization generated
when the second liquid 1s removed.

23. A method for producing a device comprising:

exposing a substrate with the exposure apparatus as defined

in claim 19; and

developing the substrate to form the device.

24. The exposure apparatus according to claim 19, wherein
the first liquid 1s the same as the second liquid.

25. The exposure apparatus according to claim 19, wherein
the first liquid and the second liquid are pure water, and the
first liquad 1s different from the second liquid 1n a property or
a component.

26. The exposure apparatus according to claim 19, wherein
the first liquid 1s different from the second liquad.

277. The exposure apparatus according to claim 19, wherein
the temperature of the substrate 1s adjusted such that the
adjusted temperature 1s approximately the same as the tem-
perature of the substrate holder.

28. The exposure apparatus according to claim 19, wherein
the temperature of the substrate 1s adjusted such that the
adjusted temperature 1s approximately the same as the tem-
perature of the first liquid.
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